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MECHANICAL ENGINEERING ASPECTS OF 

ROAD CONSTRUCTION. 

BY COLONEL R. E. B. CROMPTON, C.B., R.E., Member, OF LONDON. 

The author wishes to lay before the members certain interesting 
quwtions arising out of the recent development of Road Locomotion. 
He  believes the time bas come when this development and the 
problems it involves must now be jointly studied, not only by the 
vehicle designers who are mechanical engineers, but by that branch 
of mechanical engineers who are the modern road wnstructors, and 
as road surfacing, on account of its highly scientific nature, requires 
further development of constructing machinery. In his writings 
and discussions before this and kindred Institutions, he has many 
times eslled attention to the importance of dealing with road 
transport as a whole: that the vehicle and the road on which it 
runs should be treated as a railway with its rolling stock, the two 
being evidently interdependent. 

The development of road vehicle design is already well advanced. 
The science of preparing the road surfaces to suit these vehicles i s  
comparatively new and requires careful attention. From the point 
of view of the design of the vehicle, the author is able t o  look back 
with some satisfaction t o  the fulfilment of his often-repeated 
forecasts of the eventual success of road locomotion. He read his 
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first Paper* before this Institution in 1879 a t  the close of what 
was then the first practical large-smle experimental development 
of road locomotion. The successful work of the Indian Government 
Steam Train described in that Paper was remarkable, and he hopes 
that those who are interested will look up the Proceedings and note 
how much useful work had been done nearly forty years ago, and 
which for various reasons did not bear fruit for many years following. 
Fig. 1, Plate 43, shows the Indian engine photographed by the 
author, and fully illustrated in the Proceedings, 1879, Plates 65-68. 

Then came the valuable work done by the French engineers, 
which advanced self-propelled vehicles so much that in his Address 
as President of the Mechanical Science Section of the British 
Association in 1901, the author was able to note that already there 
was great development in the use of the pleasure motor-car, and this 
was certain to lead to the extended use of mechanically-propelled 
motor-omnibuses and motor-wagons which would be likely to have 
a revolutionary effect on the transport of goods, of passengers in 
or near our large business centres, and that suburban railways and 
tramways would find that they had before them a formidable rival 
in the new methods of locomotion. He  then quoted a prophecy by 
the novelist Mr. Wells, which is worth requoting :- 

“That a t  no distant date much of the passenger traffic 
would be carried on special roads in motor-cars; that the 
advantage of carrying your family and loading up your 
belongings at your own door in your own or in a hired car 
and transporting them without any change or handling of 
your baggage right up to the point where your journey ends, 
would be so great that, even for comparatively long journeys, 
travellers would prefer it to the railways which would 
eventually be relegated to carrying minerals or heavy goods.” 

Mr. Wells’ predictions are already justified, and there is no 
doubt that  the reason he gave was a chief cause of the recent 
developments. 

* “The Working of Traction Engines in India.” Proceedings, I.Meoh.E., 
1879, page 494. 
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Returning to the progress in vehicle design, his first Paper to 
this Institution recorded the advance that had been made during 
the ten years immediately following Aveling’s first exhibition of a 
practical traction engine a t  the Royal Agricultural Society’s Show 
a t  Leeds in 1861, up to the time when Messrs. Ransomes built to 
R. W. Thomson’s designs the Indian road engines described in 
his Paper. A t  the time that Paper was read, steam was the 
only driving power available, so that the road locomotives with 
their boilers and their supply of fuel and water were necessarily 
heavy. 

During this period of development of traction-engine design 
the chief features which characterized them became so far fixed and 
standardized, that the traction-engine of to-day has been but little 
altered from that of 1871. For the reasons above given, the engines 
were necessarily heavy, and as their hauling power depended so 
largely on the weight on the driving wheels, it was not until 
Thomson, in 1868, fitted solid rubber tyres to the driving wheels 
of the modified road locomotives, which he called ‘‘ Road Steamers,” 
that he found that as the adhesion on which the hauling power of 
a road locomotive depends is so much greater with rubber tyres 
than with the smooth iron tyre of the traction engine, he was 
able to reduce the weight of his road-steamers to one-half 
that  of the traction-engines then in use. It may thus be said 
that Thomson, by the invention of the rubber tyre, both in its 
solid as well as in its pneumatic form, may rightly claim to be the 
pioneer of the modern commercial road vehicle, as he was practically 
the first to design and construct road locomotives with small tare 
weight in proportion to the paying load hauled by them. 

The author on page 501 of his Paper in 1879 showed that one of 
his Indian engines, weighing 84 tons, or, including the weight of a 
separate tender loaded with fuel and water, 12 tons 14 cwt., drew 
behind it a tr‘ain weighing 64 tons 6 cwt. containing a net paying 
load of 42 tons; so it will be seen that a t  that remote date, by 
utilizing Thomson’s ideas and discoveries, the author had succeeded 
in raising the weight of the paying load up to 55 per cent. of the 
total moving load. As such good results were obtained nearly 
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forty years rtgo, the present generation of enginmrs may wonder 
why so little further progress in road locomotion wns'made up to 
the year 1895. It k difficult for 'us, looking back, to realize how 
that, in spite of the fine performances obtained in  India with the 
Indian engines, here in England everyone-road authority as 
well as the general public-appeared to combine to oppose the 
development of road locomotion, especially that designed to run 
a t  a speed sufficient to make it pay as a commercial proposition. 
At any rate, previous to the development in France of the internal- 
combustion engine as the motive power of the road locomotive, the 
weight of fuel and water which had to be carried for the steam- 
engine entailed such small radius of action that Qhis, when added 
to the restrictions by legislation, was sufficient t o  confine the 
benefits of road locomotion, as it then existed, t o  farmers for their 
self-moving threshing or ploughing machinery, and to the few who 
used traction-engines for transporting heavy weights. 

The adoption of the internal-combustion engine by Panhard, 
De Dion, Benz and others gave such an impulse to road-locomotive 
design, that constructors were able to lighten their vehicles and t o  
avail themselves of all the recently developed knowledge in the 
use of high-grade steel tubing or framing used by the bicycle 
constructors, and a t  the same time and from the same source 
they had learnt how the vibrations encountered at high speeds 
could be successfully dealt with by using rubber tyrea, either in  
their solid form or in the latest development of the pneumatic tyre. 
It will be seen how this combination of oircumstances favoured and 
facilitated their work, and caused a rapid improvement in the 
pleasure vehicle, which was quickly followed by the commercial 
vehicle. 

Sir David Salomons and g, circle of his friends agitated for, and 
obtained, the  removal in this country of +he speed restrictions 
imposed by .the absurd Act, commonly known tw the '' Red Flag 
Act," which limited the speed of self-propelled vehicles to &he 
walking-pace of a man. Once the legislative restrictions were 
*moved, the advantages of road locomotion began to be rapidly 
realized, and it was not, long before Home of the problems entailed 
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by the increased speed demanded the attention of designers. As 
already mentioned, the almost universal adoption of the rubber 
tyre and the pneumatic tyre for the lighter class of vehicles 
minimized the difficulties experienced from road shock and 
vibration, but with the heavier commercial vehicles the case was 
otherwise. 

Up to this time, traction-engine speeds had been so low that it 
had prevented them from competing, even on short journeys, with 
transport by railway. Moreover, the full loads necessary to enable 
traction-engines to pay their way were against the advantages of 
door-to-door delivery ; but it was soon evident that there would be 
a great opening for smaller loads carried at higher speeds, especially 
for the delivery of perishable goods or for carrying such goods as 
require careful packing to enable them to stand the frequent 
handling or trans-shipment by rail; direct transport by road 
enables wagons to load these goods at the dockside a t  London or 
at any port and to deliver them direct into the warehouses of the 
retailer at any points within a radius of 100 miles. Such 
distribution from a port or manufacturing centre is found in 
practice to occupy only about one-third of the time ordinarily 
occupied by railway transport, on account of the double handling 
being avoided both a t  the loading end and the distributing end, 
Again, for goods in smaller consignments, it is a great advantage 
for manufacturing and carrying firms to be able to use motor- 
vehicles which can run up to a speed of 20 miles an hour, and so 
deliver goods up to a radius of 50 miles within a few hours of the 
order being received. At  the outset, designers used a modification 
of the pleasure vehicle for the lighter class of commercial vans. 
They commenced by strengthening some of the parts and by 
altering the ratio of gearing, but it was soon seen that the shocks 
communicated to the wheels and unsprung parts of the vehicle8 
were imperfectly undemtood. This imperfect design was followed 
by 'heavy repair bills which retarded 'their further introduction and 
discouraged their use. 

The efforts of designers were then directed to reducing these 
repair bills by careful stutly of the stresses introduced by the road 
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shocks, and by increasing the strength of the parts which suffered 
from them ; and by good design and the use of high-class materials 
they were able to do this without increasing the tare weight 
materially. Much of the improvement in vehicle design related to 
changes in the arrangements of gearing, to the introduction of the 
worm drive for the bevel drive, and in the lighter class of vehicles 
by the substitution of the live-axle drive for the chain drive which 
was first employed for all vehicles, and is still employed for the 
heaviest class. Attention was paid to the design and arrangement 
of the springs, of shock-absorbers, and of supplementary springs 
to control the smaller and more rapid vibrations. This class of 
improvement was quickly followed by such considerable reductions 
in the cost of maintenance, that, as soon as this became evident, the 
demand for the vehicles increased. Their use extended so rapidly 
that already we have reached the partial verification of Mr. Wells’ 
words. Apart from the immense number of long-distance passenger 
journeys performed by private or hired motor-cars, not only for 
pleasure, touring, or relaxation, the privately-owned motor-vehicle 
is rapidly ousting the horse-drawn vehicle for private use. On the 
commercial side, it is found that door-to-door delivery of goods has 
so influenced the great business houses in our large towns that 
they are nearly all owners of fleets of motor-wagons, and that a 
considerable portion of their output is distributed by this means. 

There are in London nearly 3,000 motor-omnibuses dealing 
with a passenger traffic which is still rapidly increasing and which 
has been created solely by the speed facilities, the regularity of service, 
and the increased comfort of the passengers. The development of 
this class of traffic has already gone far beyond that hoped for and 
indicated in the author’s Address at Glasgow. Already the saving 
of time from the well-organized motor services has added nearly 
10 per cent. to the useful lives of a large proportion of the 
passengers who use the motor-omnibuses, or who make short 
journeys into the surrounding suburbs or country. The statistics 
of road traffic, prepared for the Road Board during the last three 
years, show that many roads previously deserted by all but local 
or farmers’ traffic, now carry quite a large fraction of the passenger 
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traffic, and of the tonnage of goods previously carried by the 
railways. 

Deformation of Road Surface.-The effect of this new traBc on 
the roads began to attract attention some years ago. The increasing 
number of the lighter vehicles and their higher speed produced 
the dust nuisance. As heavy vehicles were gradually introduced, 
it was found that they caused extensive deformation of the road 
surfaces. At the outset the cry was raised that as the increased 
wear and tear of the roads was caused by the introduction of 
motor-vehicles, that they and they only should be blamed for the 
damage of the road, and the Road Authorities demanded that all 
motor-vehicles should be taxed in order to provide funds for road 
maintenance. As is known, in the end a tax has been levied on 
mechanical road locomotion in the form of a licence tax on the 
vehicles themselves and a petrol tax on the fuel they consume, 

Formation of Road Board.-The Road Board was formed to 
administer grants-in-aid towards road improvements. It is a 
common mistake to suppose that the funds raised from the vehicle 
and petrol taxes can be applied to the maintenance of the roads. 
The Act provides that the grants-in-aid must be applied to 
improving the methods of construction to enable the roads to resist 
better the special deformation or wear caused by the new form of 
traffic. 

The author, in his position as consulting engineer to that Board, 
has had considerable opportunity of noting and studying the whole 
question of the deterioration of road surfaces, as far as it appears 
to be due to modern traffic, and lays some of the results of these 
investigations before the Institution. Road surveyors And others, 
when discussing the effect of the new traffic on roads, are accustomed 
to talk of the unevenness of the surface of a worn-out road as if it 
were actually caused by surface wear, that is by the actual removal 
of the road material by the rolling of the wheels or impact of the 
horses’ feet from parts of the surface so as to wear down the 
depressions or low places ; but although this was pnytly true when 
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water was used as the binding material for macadam roads, the mud 
being scraped away in the winter, or the dust blown off the road in 
the summer, this actual removal of material from the surface 
almost entirely ceased after the roads had been tarred or rendered 
waterproof, so that the deformation of the road surface which 
continues to show itself wherever traffic is heavy must be put down 
to other causes. 

Tria.18 of Road Surfacing Material.-Soon after the formation 
of the Road Board, the author was engaged in preparing 
specifications for a number of trial lengths of road-surfacing 
material to be tested in competition on the main Folkestone Road 
at Sidcup in Kent, on the London and Kingston Road in the 
Borough of Wandsworth, and within London itself on certain 
streets in the Borough of Fulham. I n  a few cases these trial 
lengths were carried out by the direct labour of the county or 
borough councils, and in other cases by competing firms who were 
thus able to demonstrate their new systems of construction. In  
order to compare the life or durability of these road surfaces, they 
were laid down on one road so that as far as possible they could be 
subjected to identically the same amount and character of wheeled 
traffic. The author was called upon to measure, and record the 
rate at which these surfaces were lowered by wear; for this 
purpose he adopted means that had been previously used in 
Liverpool by Mr. J. A. Brodie, City Engineer, one of these being 
by a special form of straight-edge, resting on datum points at the 
two sides, and in the centre of the carriage-way, and the other 
suitable for wider roads consisting of a stretched wire strained to 
a fixed catenary by a weight, this wire being supported on crutches 
resting on -datum points fixed in the footways. Fig. 2, Plate 43, 
shows the method of taking these measurements with the strained 
wire, which were made when the roads were freshly put down, 
and were repeated at regular intervals, at first every month, and 
afterwards every six months ; and Fig. 3 are graphs plotted from 
the measurements taken by this method. 

It was expected that the surfaces would be gradually lowered 
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These Diagrams taken at half-yearly intervals show irregular variation of contour. 
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in the first instance by somo compression, or consolidation of the 
material, and afterwards by real wearing of the surface under the 
attrition of the wheels, but it was soon found that the readings 
taken across the carriage-way between the datum points exhibited 
curious and unexpected results. As it was evident that the wear 
would be irregular, it was thought that  by taking readings across 
the carriage-way a foot apart, and adding them up, the mean thus 
obtained would give the real rate of lowering of the surface ; but it 
soon became evident that although in most of the cross contour the 
level was lowered, in other parts the surface had actually risen. 
These measurements being considered doubtful were repeated, 
and the first measurements confirmed. I n  following out this 
matter the author found that this occasional raising of the surface 
immediately under the cross-contour line of measurement was due 
to the fact that the point coincided with the crest of a wave which 
had been formed; because, when a straight-edge was laid in the 
direction of the traffic at right angles to the cross-contour line, it 
soon became evident that the lowering of the surface was not due 
to wear but chiefly to “deformation,” that there was really a 
transfer of the road material in the direction in which the traffic 
was rolling in some cases from a point underneath the wire to a 
point further down the road, but that whenever a rise of the 
surface was indicated immediately under the wire this was due to 
the contour measurement happening at this point to be taken 
across the crest of a wave. These observations, added to many 
others taken on other roads in various parts of the kingdom, have 
led the author to reconsider the question of road wear or, as he 
prefers to call it, of ‘‘ Road Deformation.” 

Put  briefly, the author believes that the deformation of road 
surfaces, caused by modern trafic, is due to the rolling action of the 
wheels at the speeds now employed for self-propelled traftic being 
no longer true rolling, but more in the nature of a rhythmical 
percussive action, the wheels striking the ground a t  regular 
intervals. This percussive action has always n tendency towards 
deforming the original flat, or approximately flxt, surface into n 
surf;tce having well-defined waves, This wave deformation can 
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become so intense that it can reach a point when it causes the 
road to break up, namely, when the crests of the waves become 
so high and the depressions are so deep that the oscillation or 
pulsation reacts on the vehicle; the road thus becomes so rough 
to drive over that it is necessary to re-form the surface. 

This tendency towards wave formation had already been often 
noticed by road surveyors, but the causes of it in the past were 
put down to original unequal spreading of the road material, to 
unskilled rolling, irregular consolidation, insufficient or irregular 
foundations, excessive watering, in fact to many causes other than 
the one now brought forward by the author. Everyone knew the 
roads were wavy, but no one assigned the waviness to what the 
author believes is the chief cause, that is, the repeated action of 
vehicles, closely resembling one another in their harmonic action, 
passing over the road at a speed sufficient to transform the smooth 
rolling of the wheels into a bounding or pulsating motion. Professor 
Archibald Sharp came very near to this conclusion in discussing a 
Paper read by the author on the subject of Road Vehicles before 
the Institution of Automobile Engineers in 1906. H e  asked the 
audience to consider what happened when a car running a t  
30 miles an hour traverses a road having waves, so often met 
with, with a length of 2 feet from crest to crest, and a height of 
1 inch from trough to crest. Every part of the mass of that car 
which partook of that slight vertical oscillation was moved 
upwards and downwards 1,320 times in a minute, and the 
acceleration given to that mass was the same as that of an 
engine of 4 inches stroke making 460 revolutions per minute. 
H e  then said that engineers had directed much time and attention 
to the reduction of weight of the reciprocating parts of their 
engines, and he thought it was time they paid a little more 
attention to keeping down the weight and controlling the 
movement of the mass of the car which must partake of this 
up-and-down movement. He  pointed out that with a London 
motor-omnibus, even at the reduced speed of 15 miles an hour, 
the forces were considerable; that the upward forces to be given 
to the axle were even then six times its own weight. 
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If Professor Sharp had gone a little further, he would have 
seen that it is this up-and-down harmonic motion of all motor- 
vehicles, only partly absorbed by their springs and which can be 
originated by very small waves existing when the road surface 
is first made, that tends to increase these waves, and that 
this intensifying wave-forming action is most rapid and harmful 
to a road when the period of the cars harmonizes very nearly with 
the period of the waves already formed on the road, or  is a 
multiple of that period. 

Mr. Lanchester, who has thoroughly studied the whole theory 
of the springing of cars, in a discussion which followed the 
author’s Presidential Address to the Institution of Automobile 
Engineers in 1907, said that, logically speaking, heavy traffic 
moving below a certain speed limit ought to counteract the wave- 
forming effect of the high-speed traf€ic, which he admitted was largely 
due to the rebounding or percussive action above alluded to. He  
also went on to say that when the speed is low enough to allow the 
wheel to roll smoothly over the wave crests without such rebounding 
action, and the fact that during the time the two convex surfaces 
are in contact when the wheel is passing over the crest, it 
diminishes the contact area automatically and it ought to increase 
the wear a t  this point, and conversely to diminish the wear at  
the bottom of the trough of the wave. He  (the author) thinks it is 
not probable that speeds low enough to produce this beneficial effect 
are ever observed, so that its effect must be negligible. 

The next point requiring investigation was to determine, if 
possible, the manner in which the materials forming a road surface 
are moved into new positions when the wave formation is in 
progress or complete. When a wheel rolls over any surface, the 
individual particles of which that surface is composed must be 
rocked to and fro by the rolling action of the wheel, and the 
model shown is an attempt to demonstrate this rocking action. 
It is true that in the model the particles are supposed to be 
cubical in form, but the same rocking action must take place 
whatever their form may be, and it is practically certain that it 
is greatly intensified when pulsating or percussive action of the 
wheels is substituted for  smooth rolling. 
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It will be readily seen that, with roads made up as they now 
are with particles of regular size, they must in the action of 
rocking abrade one another and so wear away their angles and 
gradually alter their shape from the sharp angular form of the 
new road material until they approach a spherical shape. I n  a 
well-designed newly made road of the existing type angular pieces 
of stone of a definite size or gauge are used; the voids between 
these stones are partly filled with smaller angular pieces and with 

FIQ. 4.-Diagrams Showing Movements of Pieces of Stone. 

sand a.nd fine material, so that when the whole is consolidated by 
the roller, the rocking action of the wheels of the traffic is resisted 
to some extent by the angular interlocking of the stones and sand, 
It is evident that, as the stones lose their angles and become 
rounded, a time comes when they can actually roll over and thus 
transfer themselves to new positions, being propelled to these new 
positions by the percussive action of the wheels. This has a 
greater effect on the larger than on the smaller stones, so that in 
practice, when one examines cross-sections of the crust of any 
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roadway that has been subjected for some time to the action of 
traffic and that has acquired a waved surface, one finds the smaller 
rounded stones underneath the troughs and the larger stones 
underneath the crests of the waves. Fig. 4 (page 1265) is an attempt 
to show this, and it is here pointed out that the author’s observations 
on this matter have been made on a very large number of cross- 
sections of roads exposed by the operations of the Water Board, and 
other authorities, when laying pipes or in similar road operations. 

The wave-forming action of the modern self-propelled vehicle is 
far more intense than could have possibly been the case with horse- 
drawn traffic, one reason being that the speed being greater, the 
change from true rolling to pulsating action is therefore greater. 
The wheels as a rule are of smaller diameter, are more equal in 
size, and the general harmonic characteristics of the mechanically- 
propelled vehicles resemble one another far more closely than was 
the case with horse-drawn vehicles; for of the latter many were 
slow-moving two-wheeled springless carts with wheels of large 
diameter, others were light carts or four-wheeled wagons with 
unequal sized wheels. There mas also the blow of the horses’ feet, 
which must have a considerable modifying effect on the road surface ; 
therefore, in all essentials, the conditions of horse-drawn traftic 
were far more heterogeneous and non-harmonic, than the new 
traffic. 

Again, commercial vehicles now consist of large fleets of wagons 
or vans which are practically identical in all their harmonic features, 
and as these run over roads as regularly as a train service on a 
railway they have a severe harmonic effect on their surface. If we 
examine the effect of a line of motor-omnibuses all having the same 
characteristics of total weight, of unsprung axle-weight, period of 
springs, length of wheel-base, vibration of engine, and which 
traverse a road a t  approximately the same speed at regular 
intervals of time, it is not surprising to find that, with such 
traffic, wave formation amounting to cross corrugation is rapidly 
set up, and that roads of the old type become broken up from this 
cause in a few months, and that the wave formation produced is 
very regular and definite in wave length. 
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Jfachine fop Comparing E$iciency of Methods of Road Construetion. 
.-A further confirmation of this wave formation has been obtained 
from the experimental work carried out with the road machine at 
the National Physical Laboratory. At  an early stage in the test 
of trial roads a t  Sidcup and elsewhere, it was seen that the best of 
the systems of modern construction would take years of heavy 
traffic to develop any measurable wear or even deformation. The 
author was called upon to design a more rapid method of comparing 
the efficiency of new methods of road construction, by subjecting 
the material laid in a circular roadway, or path, to the wear of 

FIG. %-Endurance Test in. Model Tar Macadam Road. 

Longitudinal Contour after Test. 2-inch Material. 
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wheels driven by electric power. The construction of such a road 
machine was sanctioned. The author collaborated with Dr. 
Stanton in the design of the machine, which was completed and set 
to work early in 1913. Fig. 8, Plate 43, gives a general idea of its 
construction. It will be seen that it consists of a circular path, 
in  which is laid the special road-surface to be tested. On this 
circular path the frame carrying eight wheels revolves a t  any 
desired speed from 3 miles up to 20 miles an hour. The wheels at 
present in use are 1 metre diameter, 3 inches wide, and can be 
loaded up to 1 ton per wheel, or about 800 lb. per inch width of 
tyre. Eight of them therefore cover 24 inches as the extreme 
width of the test path, but in order that they may not leave ridges 
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or ruts in the tested surface, each of the wheels is provided with a 
positive end-traverse of 1 inch inwards and outwards from its 
fixed radial position. It makes this complete traverse of 2 inches 
in one-and-three-quarter complete revolutions of the frame. The 
wheels are spring loaded ; they are attached with the motors that 
drive them to hinged frames, and are pressed into contact with 
the test  road by springs held down by a revolving eight-armed 
cantilever frame immediately below the hinged arms. The upward 
pressure on the hinged arms is absorbed by a ball thrust-bearing on 

FIQ. lO.-Road-Constructiolz Machine, N.P.L. 
Cross Section through Path. 

RAMMED GRAVEL 

the central pillar. It is intended eventually to vary the diameter 
of the wheels, and to test wheels fitted with various forms of rubber 
tyres. Means are now provided for measuring the shape of the 
surface due to wear or  deformation, and the path itself is to be 
heated, cooled or wetted to imitate weather conditions. 

All the tests that have been hitherto carried out show a marked 
tendency Lo produce wave deformation. The machine itself has a 
harmonic period, and this reduces the time necessary to test n 

surface, and to compare its merits with others in resisting this 
wave deformation. The diagram, Fig. 9, shows the actual waves 
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produced by this machine on  a tar macadam surface, supported 
on a foundation shown in cross-section in Fig. 10. Although 
valuable information confirmatory of the author's ideas on wave 
formation have already been obtained from the running of this 
mzchine, he does not pretend that during these preliminary tests 
they have more than touched the fringe of this important subject, 
but there is little doubt that they will eventually obtain information 
of a valuable character, both as regards the cause of the wave 
formation and the best methods of resisting it. 

I d i a l  Waves on newly-formed Road Surfnces.--In considering 
what might be done to improve the vehicles so as to minimize their 
tendency to deform the road by way of formation, the author's 
ideas were first directed to the original initial waves, which are 
always found to some extent on newly formed road-surfaces. The 
chief reason why no surfaces but those of wood pavement, or of the 
sheet asphalt laid with a trowel and adjusted by hand-beaters, are 
free from initial harmonic waves, is that the road-roller used when, 
as is usually the case, the rolling is carried out in the direction of 
the line of traffic, however skilful the operation of rolling is 
performed, always produces waves which eventually are intensified 
by the traffic ; for when an ordinary two-axle roller is first brought 
on to newly spread road material, it alternately pushes the 
material forward until a certain resistance to forward movement is 
encountered, and then rolls over the accumulation thus formed in 
front of it. This alternate action is periodic, and the wave length 
depends on the diameter of the roller-wheels, the total weight, the 
distance between axles, and to some extent on the speed at which 
the rolling is carried out, but in all cases the finished surface is 
waved. It is found to be much easier to roll to a surface of small 
wave height certain soft road materials, such as blast-furnace slag 
or some of the limestones, than is possible with the harder and 
more incompressible granites and basalts, but in no case is the 
finished surface ever truly flat and waveless. When the traffic 
comes on to the road, there is little doubt that the small waves left 
by the rolling serve as a starting point for the shorter-period waves 
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eventually formed by the traffic itself ; and as it appeared to the 
author that all two-axle vehicles must cause this action, it occuiTed 
to him that it would be better to commence by modifying the 
design of the rollers themselves so as to produce a non-wave- 
forming roller. He has succeeded in doing this by adopting the 
three-axle principle, and it is probable that the same three-axle 
principle might be with advantage extended to all vehicles carrying 
heavy loads. 

Three-Axle Roller.-The idea of designing this roller came to the 
au$hor when he was studying the three-axle wagons used by Colonel 
Renard for the well-known Renard train. Colonel Renard’s ideas of 
perfect road transport were that all the vehicles of his train should be 
provided with three axles, and they are the only vehicles which the 
author has seen in use which have a real tendency to correct the 
wave formation caused by the ordinary two-axle vehicular traffic. 
These experiments showed that the Renard train was exceedingly 
easy on the road. The rolling resistance, and therefore the power 
required to propel the train measured by its fuel consumption, was 
found to be very small, and this has confirmed the author’s ideas 
that much might be done by the designers of vehicles developing 
this three-axle principle. Fig. 5, Plate 43, and Fig. 11 show the 
three-axle roller that has actually been constructed and is in use, 
and which has certainly produced surfaces freer from waves than 
has heretofore ever been the case. 

I n  order to obtain a perfect levelling action of the rolled 
surface, the weight taken by the three rollers must constantly vary 
so that it can exert maximum pressure on the high places and 
a minimum pressure on the low ones. At  the same time there 
must never be less than sufficient weight on the centre driving 
roller to enable it to have the required driving adhesion. I n  this 
design these conditions are met by mounting the centre roller only 
on springs, in such a way that it can fall below but cannot rise 
above a fixed point relative to the front and rear rollers. The 
action of the rollers is then as shown in the following diagrams. 
In  Fig. 12 the front ypllpr i s  Seep on the summit of a wave or higl\ 
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place, the centre roller having sunk below its normal position, which 
is indicated by the dotted lines ; when the centre roller passes over 
the same summit as shown, it takes practically the whole 
weight of the roller, which tends to reduce its height. If the 
centre roller were not provided with springs as described, the rear 
roller would tend to leave a depression when in the position shown 
in this figure. Fig. 13 shows the action of the machine when 
rolling freshly laid road material ; it will be seen that the rolling 
surfaces of the rollers are not quite in the same plane, but that the 
centre one is then slightly below the level of the other two. This 
gives a very light pressure during the first time of rolling, which 

FIG. 12.-Diagram showing -4cfion of 3-axle Roller. 

I 1 
Rolling 

freshly laid 
Material. 

FIG. 13. 

I I I 

gradually increases each time the roller comes back on to the cooler 
and harder material already rolled ; this is due to the fact that, as 
the road surface becomes less yielding, the weight becomes more 
concentrated on the central roller, giving the much-desired effect, 
just as if a light roller was first employed followed by a heavier 
one, but the change from light to heavy being more gradual. The 
difference in the level of the rollers is adjustable by the 
arrangements shown on the front steering-head and extends over a 
range so sufficient that, if necessary, the rear roller can be 
permanently raised from the ground, concentrating 90 per cent. of 
the total weight on the centre roller. The front roller always has 
sufficient excess of weight to give steering effect. The drawings 
show that the wheel-bases are not equal. This is purposely 
arranged as a further precaution against the possibility of producing 
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recurring waves. I n  the present design the diameter of the centre 
roller is 3 feet 6 inches, and that of the end rollers 3 feet, but in 
the new design the centre roller has been altered to 4 feet. The 
width of the rollers over all is 4 feet, the long wheel-base 8 feet, 
and the short wheel-base 6 feet 6 inches. The distribution of 
weights can be varied by the hand-wheel adjustment, between the 
limits given in the Table below, with corresponding rolling-pressure 
variation of from 160 lb. up to 500 lb. per inch width of roller. 

0 17 10 13 

Large Wheel-Diameters.-Apart from the adoption of the t h e e -  
axle methods, it is necessary to point out in what direction 
designers of road vehicles can modify their vehicles, so as to reduce 
the cost of road maintenance for given weights transported a t  given 
speeds. When rubber tyres are used, the shocks imparted to the 
road are so cushioned by the tyre itself that increased wheel- 
diameter is not of great importance, but when the problem of 
carrying considerable weights a t  a paying rate of speed, say up to 
8 miles an hour, a t  the lowest combined cost of the vehicle and the 
road is attacked, it will be found that much can be done with steel- 
tyred wheels by very considerable increase in the diameter of the 
driving wheels. No one has appreciated this so much as traction- 
engine designers, who for many years past have been aware that 
the large and heavy engines necessarily used by them to haul 
paying loads could only be tolerated on our roads when the driving 
wheels used are 6 feet in diameter and upwards. 

For a long time designers of motor-wagons and light tractors 
were fettered in the use of large wheel-diameters by their great 
weight, but now that the suspension principle, where the whole Gf 
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the spokes are in tension, is available, very large diameter wheels 
can be used with small increase of weight. The author, feeling that 
this was the case, designed a tractor, which he believes is the first 
of its kind, to utilize 7-foot wheels with a comparatively light 
axle-weight. Fig. 14 shows this big-wheeled tractor, which 
was tried experimentally with successful results. It was very 
remarkable to witness the smooth running of this tractor when 
hauling considerable loads over soft roads having very rough 
surfaces, and a t  any rate for military purposes or for colonial 
development such a method of reducing the cost of maintaining the 
roads is worthy of careful consideration. Enough has been said to 
indicate in general terms the extent to which the vehicle designer 
can modify this vehicle so as to help the road engineer. 

lmprocement of Road Surfaces.--We now come to  consider what 
are the chief features of road design, to enable the surface to carry 
the wheeled traffic of the future a t  a minimum cost with the least 
deformation of the surface, and therefore with the greatest comfort 
to  passengers and a t  the lowest cost of maintenance of the vehicles 
that roll over it. The first great change in road construction that 
has already developed itself to a large extent is that of minimizing 
the effect of the climate on the road by rendering the road surface 
impermeable, by dressing it with tar, pitch, bitumen, or other 
bituminous substances. This tarring of the surface particles holds 
them together, and prevents their movement when exposed to the 
comparatively feeble disturbing induence of the rubber tyres of the 
light class of vehicles. It has enabled roads thus treated to become 
practically dustless for eight months of the year, but unfortunately 
the action of the tar does not extend sufficiently deep below the 
surface to hold the surface together in winter. It follows that, up 
to the present, tarring has been efficient only for summer use, and 
that in most cases one expects to see the tarred surfaces break up 
under winter traffic. The author for a long time believed this was 
solely due to want of strength or mechanical causes, but he now 
believes it is also due to certain surface tension properties of the 
tars used. He has noticed that no such action occurs in the most, 

4 It 
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perfect impermeable and durable surface of all, the asphalt 
pavement, which stands the effects of traffic of all classes just as 
well in the wet and cold days of winter as in t,he dry days of 
summer. 

Reconstruction with road material coated with Bituminous 
Binders.--TJp to the present, road engineers have addressed 
themselves to resisting the surface deformation caused by traffic 
by using tar, pitch, bitumen or other waterproof binders to 
cement together and hold ordinary road stones and similar 
material by forming it into a partially elastic concrete, these 
bituminous binders taking the place of the Portland cement of 
hydraulic concrete. Their success has been considerable and 
progressive, and has been largely due to the employment of 
machinery to dry, heat, and prepare the material before it i b  

spread and rolled down into place. Mr. Hooley, the County Surveyor 
of Nottinghamshire, was the pioneer of these methods of deep 
treatment. H e  was the first user of blast-furnace slag which, after 
being broken to suitable sizes, was tar-treated whillst still hot, or if 
necessary was re-heated and then dipped into or coated with good 
tar from the gas-works ; the tarred material was spread and rolled 
down in successive layers, using the coarser material for the lower 
coat and the finer material a t  the top. Many miles of these 
surfaces have been laid and have been very successful ; they have 
been durable, and in counties near the sources of supply of the slag 
have been cheap to construct and to maintain. His processes were 
imitated, but not always with success. It was argued that i f  such 
good results could be obtained with blast-furnace slag, which is a 
comparatively soft material, that even better results ought to be 
obtained if high-class granites and basalts were similarly treated, 
but from what are now well-understood causes, these expectations 
have not been fully realized. The tarred slag macadam used by 
Mr. Hooley still holds its own ; there have been fewer failures by 
its use than with any of the other road stones when such 
previously coated material is used, 
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Grouting or Penetration Methods.-The second class of deep 
treatment of road surfacing is by the grouting or penetration 
method. Clean dry stone is spread over the road, rolled down until 
the desired contour is obtained, and a mixture of pitch or of pitch 
and sand is poured so as to fill the voids an inch or more below the 
upper surface ; the surface is again rolled and finished with fine 
material. Both systems have had their advocates, and the requisite 
machinery for producing both classes of surfaces is hereafter 
described. 

Sheet Asphalt or Double-Coat Work.-Last of all, in order of time, 
have been the efforts to imitate as far as possible the asphalt surfaces 
with which we have been so long familiar in our large towns. 
Passing over the early stages of the asphalt industry, where ground- 
up rock asphalt obtained from abroad is applied to the surface of a 
concrete foundation in the form of a heated powder, and then 
compressed by hot beaters to a true surface, we have the system so 
largely adopted in America of producing artificial asphalt by covering 
a concrete foundation with a sheet asphalt artificially formed from a 
graded sand aggregate held together by a bituminous binder, or as 
the Americans call it an “ asphaltic cement.” If we take the heavily 
trafficked streets and roads of the world, there is probably now 
under traffic a larger area of this class of sheet asphalt pavement 
than of any other form of surface, and the latest efforts of road 
engineers appear to be in the direction of extending this method of 
surfacing to all classes of roads which have to bear considerable 
trafic. Already much machinery has been designed to produce 
such surfaces at the lowest cost. 

When the author began to examine the road surfaces which 
resisted the harmonic wave-forming action of modern vehicles in 
the most Batisfactory manner, he found that the sheet-asphalt 
pavements of the towns were the best and most durable, and were 
least deformed under traffic. They are now used in many forms. 
Sometimes the original and hitherto expensive arrangement of 
supporting the sheet-asphalt surfaces by concrete foundations has 
been used, but in many cases successful attempts have been made 
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to utilize the existing macadam roadways as a supporting crust, 
and to lay on them a bituminous-bound new surface in one or two 
layers. Many examples of this have been laid in various parts 
of London, and the surface of the Thames Embankment from 
Westminster Bridge to Blackfriars may be noted; here the 
method adopted has successfully resisted for several years 
exceptionally heavy traffic with but little deformation and a t  a 
low cost. During the past year or so similar surfacing has been 
carried out on many of the great omnibus routes, and has certainly 
justified itself by the successful way in which the harmonic effect 
of this most difficult type of trafic has been successfully dealt with, 
the wave deformation being very small and not appearing to 
increase to any marked extent. 

Material available for  Double-Coat Work.-The success of this 
method has led the author to believe that we should aim a t  
producing this class of wearing surface for all our important 
roads. I n  some cases it may be that the traffic can be successfully 
carried with single-coat work, the single coat being made 
entirely of graded sand bound together by bitumen; in other 
cases where the traffic is heavier double-coat work must be 
used. The chief condition governing the choice will be the cost. 
I n  considering the cost of surfacing, perhaps the important 
question is that of the carriage of the material. The cost of 
railway and road haulage taken together forms a large fraction 
of the total cost of re-surfacing a road. It is therefore most 
desirable to use local material wherever this can be done 
without affecting the quality of the work. For this reason, the 
author suggests that the bulk of the material forming a road- 
wearing surface should consist either of local sand (the distribution 
of which throughout the United Kingdom is very wide, so that as a 
rule the cost of suitable sand delivered a t  the roadside is only half 
that of good road atone), or that an icleally perfect aggregate for the 
wearing surface should be provided by crushing sandstone or any 
similar local stone which is composed of hard sand cemented 
together by binding matter. Sucb silicious stones can be cheaply 
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and effectively crushed into a very perfect artificial sand to form 
the sand aggregate. I n  some cases the material of the existing 
crust can be partly utilized and crushed a t  one operation into part 
of the aggregate required. I n  both cases portable machinery, 
placed as close as possible to the point where the road material is to 
be laid, is necessary. There is little doubt that the artificially- 
produced sand is superior to the natural beach or pit sand, as each 
individual grain is angular and is quite free from adherent clayey 
or loamy matter, and it is moreover very important that the 
particles should be properly graded in definite proportions 
as to size. This grading has been carefully studied in America. 
Speaking generally, only about one-tenth of the weight should 
consist of grit or granular particles passing a 6-mesh sieve and 
retained on a 1 0-mesh sieve, about 40 per cent. should pass the 10-mesh 
and be retained on the 36-mesh, another 40 per cent. passing the 
36-mesh and retained on the 100-mesh, with 10 per cent. only 
passing the 100-mesh. I n  order that such a graded aggregate may 
be cemented by the binder into a solid rock-like sheet to form the 
road surface, it should have added to it about 10 per cent'. of fine 
limestone powder or Portland cement as a filler and about 12 per 
cent. of pure bitumen as the binder. 

Machinery for preparing Sheet Aapha1t.-Fig. 15 (pages 1280-1) 
shows the general arrangement of a semi-portable plant built up 
of wrought-iron framing bolted together, and carrying the machinery 
and transporting conveyors at two levels. This plant carries out 
various operations which will be hereafter considered in detail. 
It is designed to crush a stone aggregate to any desired size and 
grading, to heat, coat and mix it with the binder at the lowest 
cost for labour, fuel and maintenance of the machinery itself. 
The stone, whether new stone received from the quarry or old 
material taken from the road, is dumped or tipped from wagons 
into the hoppers A ;  from thence it is fed by an automatic 
jigger-feed into the crusher-elevators B, and thence into the 
crushers C through the shoots D. The crushers shown are of the 
high-speed rotary type, known as the " Lightning " crusher, which 
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FIa. 15. -Asphalt Preparing Plant, being Combined Crushing, Sorting, 
(Lightning 

 at RMIT University Library on April 7, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


DEG. 1913. ROAD CONBTRUCTION. 1281 

Heating a d  M i x i w  Plmt  for Bituminous Road Surfacing Material. 
Crusher Go.) 

is described in detail and illustrated in Fig. 16 (page 1283). The 
principle on which this crusher works is that the material is allowed 
to descend SO as to meet the revolving hammers ; each piece of stone 
is struck whilst in the air, and as the hammers rotate at a high 
velocity in an enclosed chamber lined with breaking blocks, the 
material is sub-divided and thrown with great force against the top 
of the enclosing chamber from which it falls again and again, being 
each time struck and sub-diyided by the hammers. The operation 
goes on repeatedly until the material is small enough to pass through 
the screens at the base of the crusher. The number of blows made 
per second'and the force with which they are delivered can be 
regulated to an extreme nicety, as the crusher is driven by an 
independent electric motor fitted with speed-regulating gear. With 
this crusher it is noticeable that the shape of the material after 

 at RMIT University Library on April 7, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


1282 ROAD CONSTRUCTION. DIE. 1913. 

crushing is very cubical, there being little or no tendency to produce 
long stone or splinters ; if it is desired to reduce the material to the 
fineness of sand passing the 18-mesh sieve or finer, screens can be 
fixed in the machine as required, but in practice it is found that for 
the lower coating of a road which forms the strength crust, if 
granite or other road stone is fed into the machine in sizes from 
3 inches downwards to 1-inch gauge, the crusher can be run without 
screens, and the output of 15 to 20 tons per hour will even then 
contain nothing practically larger than $-inch stones. Attached to 
the shoots D, Fig. 15 (pages 1280-1),are special chambersE connected 
by the pipe F to the exhaust-fan G ; by this means, fine dust or any 
organic matter when old material is used can be separated from the 
aggregate, and is drawn off and fed direct into bins or disposed of as 
desired. When the stone is clean new stone from the quarry, this 
dust can be utilized in the aggregate as filler, and can be delivered at 
the mixer as required. On leaving the crusher the aggregate, which 
requires no further screening, is conveyed through the shoots J into 
revolving drying and heating cylinders K. The interior construction 
of these may be varied, one form of construction, by Messrs. Ord 
and Maddison, being shown later on. I n  addition to this there are 
many types of drying and heating cylinders available. These are 
either mounted on rollers or driven through rollers by electric 
motors or are suspended in chains from an overhead shaft driven by 
motor. By adjustment of the speed of the motors, the rate of 
delivery of the dried and heated aggregate can be nicely regulated 
to correspond with the rate at which the mixing process can be 
carried on. 

After passing through the heaters the dried and heated aggregate 
falls through the shoots L direct into the buckets M of the mixer- 
elevators N, and after being weighed or measured close to the foot 
of the elevators it is dumped into the mixers P in the exact quantity 
required for each batch, the question of weighing or measuring 
being determined by the nature of the aggregate and the degree of 
accuracy in the mix which is specified. 

The binding material, bitumen or pitch, as the case may be, and 
which acts as the cementing agent of the aggregate, is stored in the 
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melting kettles Q in which it is melted, heated and fluxed to the 
desired degree of viscosity by the addition of flux from the flux tank 
R. The fluxed bitumen is then measured off in the measuring 
drums U in the exact quantity required for each mix, and forced 
through pipes by compressed air and delivered a t  the surface of the 
aggregate already in the mixer. 

The mixers are driven by motors, and their speed can be .so 
regulated as to give the right number of revolutions for coarse 
or fine aggregates as may be required. The contents of each 
batch when completely mixed can be discharged direct into IL 

motor-wagon or other transport vehicle underneath the mixer 
platf orm. 

With such R plant as that above described, 200 tons of hot 
mixture can be delivered on the road per working day of 10 hours 
with a proportionately greater output during the long hours of 
daylight in the summer months. Obviously, if the work be single- 
coat work either of coarser aggregate or a thinner single coat of 
fine aggregate, the area covered per day will depend on the 
thickness of the coat. Where an excessively strong road crust is 
required, one ton of the material forming two coats may only 
cover from 6 to 7 superficial yards of road, the area being increased 
as the thickness is diminished. With the fine aggregate required 
for the wearing coat, about 20 superficial yards can be covered per 
ton for each 1 inch of consolidated thiokness. The road gangs 
for dealing with this hot aggregate must consist of a spreader gang 
and a roller gang, each double gang being generally able to deal 
with from 40 to 60 tons of hot mixture per day. 

As the whole question of accurate grading of the sand aggregate, 
and the fluxing of the binder to give the degree of ductility 
which furnishes a wearing surface of maximum strength and 
durability, is of extreme importance, the author considers that 
the modern road engineer should test his road material as an 
engineer would test steel or other materials of engineering 
construction. He  should therefore take frequent test-pieces from 
the batches of hot material delivered to the road, and provide 
himself with portable testing apparatus to enable him and his staff 
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to make periodical tests to ensure that the materials are all that he 
expects them to be, and as laid down in his specification. For the 
purposes of such tests, it is necessary that moulds for moulding and 
pressing test-cylinders should be provided, and a test-hammer and 
press for subjecting these test-cylinders to percussive tests for 
toughness, and compression tests to indicate the weight-carrying 

FIG. 17.-Hammr for Testing Asphalt Material for Toughness. 

quality of the consolidated roadway. Fig. 17 shows the test-hammer 
which has been designed as a convenient means of obtaining the 
toughness of the cylinders. 

I n  addition to these tests on the quality of the material, the 
author has designed and utilized a form of portable straight-edge 
for ascertaining whether the roller gang are finishing the surfaces 
to the desired degree of accuracy and freedom from waves. Fig. 6, 
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Plate 43, shows this straight-edge and Fig. 7 the recording carriage 
and pen. With this straight-edge the actual contour of the road 
is shown to full size, and all tendency to waves measured on the 
paper with extreme accuracy. Fig. 18 shows an improved form of 
straight-edge. 

I n  the foregoing description, the author has confined himself 
to describing machinery which can now be designed to produce 
an up-to-date form of road surface. 

Advantages of rolling down Hot Material.-The reason why the 
author believes it is necessary to form these surfaces of hot material, 
spread and rolled down whilst the material is still in a hot and 
plastic condition, is that although more complicated and expensive 

FIG. lB.--lrnprwed 18-foot Straight-Edge. 
For Photo of Pen Carriage see Fig. 7, Plate 43. 

plant is required than is the case if the material can be 
previously treated and stored, and delivered, spread and rolled 
down whilst in a cold condition, that in the former case the 
newly-made roadway is completely set, hardened and in a fit 
condition to receive the traffic as soon as the material is cold; 
whereas in the latter case, as the material only hardens by the 
gradual evaporation of t.he more volatile oils in the binder, the 
process of setting is a slow one, so that the road is liable to be 
deformed and damaged by heavy traffic passing over it for several 
weeks after it has been constructed, and that the risk of the damage 
liable to occur during this period to a road made of cold-rolled 
material quite outweighs its lower cost compared to that of  the more 
perfect hot-rolled process. But whether the process be carried on with 
previously prepared cold material, or with hot material which must 
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be spread and consolidated within a few hours of its being produced 
and mixed, a good deal of the plant required is the same. The 
cold-material plant, however, can be at or near the quarry, whereas 
the hot-rolled material must be prepared within a mile or two of 
the road. Fig. 19, Plate 44, shows the Ransome-verMehr Machinery 
Company’s ,portable apparatus, in which the stone or sand can be 
dried and heated and coated in the same manner as in  the fixed 

FIG. 2l.-Stone-Drying Plant (Ord and Maddison). 
Revolving cylinder 3 feet diameter by 30 to 40 feet long. 

or semi-portable plant already described. The designers of 
this plant point out that long cylindrical driers above described lack 
portability, and that, for working by the roadside on the batch 
principle, the Ransome stone-drier, Fig. 20, can be operated so as t o  
synchronize with the batches required, and the heaters and driers 
therefore are constructed in sizes having a definite batch capacity. 
The arrangement of %he machine is such that a definite quantity or 
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Fro. 23.-Concrete Mixer (Smith). 
(Stothert and Pitt.), 
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Each set of 
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handed from 
centres. 

Capacity -Unmixed Material per batch . . . = 13 cubic feet. 
Mixed :, ,, . . . = 9  
Power requi&!d . . . . . = 6 H.’P. ” 
Revs. of Driving Pulley . . . . = 180 per min. 

,, ,, Drum . . . . . = 18 ,, ,, 

batch of stone is introduced through a measuring hopper into the 
drying drum, or first of one or more drying drums, where it is 
allowed t o  remain for a definite period before discharging into a 
second or third drum as necessary, and from thence direct into the 
batch-mixer. The general principle of this smaller drier is that an 
excess of heated air is forced over the surfaces of the stone 
contained in the rotating drier, the size and weight of which can 
therefore be greatly reduced. 

Cylindrical Dritrs.-However, where ordinary cylindrical driers 
are used, as in the combined plant first described by the author, 
their general construction is that shown on Fig. 21, which gives 
an end cross-section of the fixed cylindrical driers and heaters 
of Messrs. Ord and Maddison. I n  this the aggregate entering 
at one end is made to traverse the entire length of the cylinder 
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FIQ. 23.-Concrete Mixer (Smith), 
(Stothert and Pitt.) 
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FIG. 24.-Portable Hot Mixer and Boilcr (Smith). 
(Stothert and Pitt.) 

by suitable helically-formed guide-plates, and is discharged 
thoroughly dry and at the required temperature. The end section 
shows very clearly the method of suspending the rotating cylinder 
by chains protected from the action of the hot gases. I n  this 
case, air heated in a special retort is brought into contact with 
the aggregate in the cylinder by means of the blast-pipe 
shown, which is provided with vent holes on its underside to 
direct the hot air downwards into contact with the material to be 
dried. 

Bcctek Mizers.--l'he batch mixers generally used are single-shaft 
I n  the former a single-shaft, on which the stirring or double-shaft. 
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FIG. 24. 

Portable Hot Mixer amd Boiler (Smith).  

(Stothert and Pitt.) 
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blades are keyed, rotates in a mixing-chamber, the casting of the 
lower half of which is curved concentrically to the revolving shaft 
so that the points of the blades rotate close to it to prevent any 
jamming of the stones. I n  some cases means are adopted to allow 
the blades to spring backwards and thus avoid fracture of the arms 
if a stone jams. The double-shaft mixers contain two shafts with 
their revolving paddles ; these are geared together so as to revolve 
in fixed relation, and the same precautions must be adopted to 
prevent jamming. Fig. 22, Plate 44, shows a double-shaft batch- 
mixer of the Ransome-verMehr type. 

Conical Rotating Mixer.-For the same series of operations the 
conical rotating Smith mixer, made by Messrs. Stothert and Pitt, 
possesses certain advantages. One of these mixers is shown on 
Fig. 23 (pages 1288-9), the material being fed in batches, a measured 
quantity of binder added, mixed and discharged direct to the 
transport wagon when used hot on the road, or conveyed to the 
storage if intended to be used cold, Fig. 24 (pages 1290-1) shows 
views of the Smith hot mixer plant arranged in portable form. I n  
this portable apparatus the hot gases from the boiler furnace are used 
as a means of drying and heating the aggregate, the gases being 
propelled by a blower aided by an exhauster through a combined 
mixing and drying chamber. I n  this case the process consists in 
illling the mixer with the required quantity of aggregate, which is 
rotated and dried, and when it reaches the required temperature 
the rotation is stopped, the binder is added and the rotation again 
continued until the mixing is complete, and then, by tilting the 
drum, the contents can be discharged direct into the transporting 
wagons or hand carts as may be convenient, 

Rotating Eand-Nixer.-For small work and repairs a very 
convenient form of Smith hand-mixer is manufactured by the same 
firm. This consists of a rotating chamber mounted on a frame 
somewhat resembling a portable winch; the drum, which is 
suspended by chains, contains a spiral diaphragm ; this is shown 
clearly in the three end sections of the drum given on Fig. 25. 
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The drum can be charged with material, and when rotated in one 
direction retains and mixes its contents; when the rotation is 
reversed the mixed charge can drop out into a barrow or hand cart. 

Combined Heating and Mixing Machinery.--The combined 
heating and mixing machinery is used by the Limmer Asphalte 
Paving Co., whose name is so well known in connexion with 
the sheet asphalt pavements, and they are now extending their 
operations very successfully to the coating of country roads with 
asphaltic surfaces. With this machinery, which is of the portable 
type and e m  be readily moved to any desired position a t  or near 

FIQ. 25.-Rotating Hmd-Mixer (Smith). 

Section of Drum. 

the road to be treated, the same series of operations of drying, 
heating and mixing are carried out without any intermediate hand- 
labour, the finished mixed material being discharged in batches into 
the barrows or other means of transporting it to the road. 

Economical Considerationo.-As it is obvious that, if we wish to 
obtain the best results, using any of the various forms of road- 
making machinery herein described, the plant should be worked 
by trained labour under skilled engineering superintendence, it 
is the author’s opinion that for some time to come, the work will 
be carried out by responsible contractors, although in some casea 
existing road authorities may elect to provide themselves with 
their own plant and to train their own staff. In either case the 

4 9 2  
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actual cost of re-surfacing the roads by the most approved methods 
will depend greatly on the extent of road work that can be carried 
out from each working depot, and of course on the cost of local 
material, cost of carriage, road haulage, etc. The choice of method 
depends very greatly on this last consideration, but in any ca8e 
it is evident that the economical problem is to produce a modern 
road surface which will not break up and furnish loose gritty 
material to wear away the rubber tyres of the vehicles, and which 
will be sufficiently waveless to diminish the wear due to road 
shocks. Such a road must be produced a t  a cost per unit of 
surface which when divided by the years of its life will compare 
favourably with the present cost of the waterbound macadam 
superficially tarred which it will supersede. 

The author concludes by showing in tabular form the extent to 
which the running costs of vehicles, as they are, will be reduced by 
well-considered reconstruction of road surfaces. In order to bring 
into comparison the data which are obtainable from the old type 
of roads with those obtainable from reconstructed roads, in the 
preparation of this statement he has adopted the following 
assumptions :-- 

(1) That we take the case of a mile of road carrying a trafic 
of 1,000 tons per day, or 360,000 tons per annum. 

(2) That it is assumed that, of this traflic, two-thirds will be 
in the form of pleasure vehicles or light commercial vans weighing 
from 1 up to 24 tons, or averaging 1.75 tons each, and that the 
one-third balance is in the form of 24,000 heavier vehicles between 
24  and 74 tons, averaging 5 tons. 

(3) It is assumed that the damage done to roads by a ton of 
traffic carried on steel tyres is one and a half times that carried on 
rubber tyres. 

(4) That the cost per vehicle-mile for the lighter class, the bulk 
of which use pneumatic tyres, may be taken at 8*25d., and that 
of the heavy &ton vehicle be taken a t  16d., both of which are 
well-ascertained average figures. 

( 5 )  That the cost of the roads, as they are, is the common case 
where a main road 18 feet wide requires re-coating every 33 years, 
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a t  a cost of 2800 per mile, or 2228 per annum, which, with the 
annual cost of trimming and share of lengths-man’s wages, brings 
the total cost to 2300 per annum. The reconstructed road to be 
re-surfaced with double-coat work, 4 inches thick, a t  a cost of 
23,400 per mile, havirrg a life of 12 years, which, with the item 
for lengths-man’s wages, also comes out a t  $300 per mile per annum, 

(6) That the reduced vehicle costs shown are those now 
obtainable from vehicles running most$ of their mileage on well 

d, 
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- _ _  
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Table showing how Running Coats are reduced by Road Reconstruction 
on One Mile of Road carrying 1,000 tow a day. 

4,280 

1,200 

5,480 

1 Costs as they are. 

a. a. 
7.5 180 0.31f 

12.0 120 1.2 
~~~~ 

- 1300 - 

Vehicle. 
Traffic. 

Light 

Heavy 

Tons. a. 
137,000 1.75 240,000 4,700 8.25 

24,000 5.0 120,000 1,600 16.0 
_ _ _ _ _ _ _ _ _ _ , _ _ -  

Costs as they will be. 

Vehicle. Road. I- 

surfaced urban roads, and are due not only to savings in fuel and 
repairs, but to the greatly increased speed and increased mileage 
run by each vehicle on the improved roads. 

The large saving shown, amounting to upwards of 2800 per 
annum to the owners of the vehicles using this mile of road, 
brings forcibly before the members the case which the author has 
attempted to make; that the time has arrived that this problem 
of the new industry of road locomotion should be most carefully 
considered by all classes engaged in it, not only the engineers 
whom he is now addressing, but the capitalists whose financial 
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aid is necessary for further developments, so that the community 
as a whole will benefit from the increased rapidity in deliveries of 
the goods they require and in the future reductions in the rates 
of transport. There is little doubt that, when once the economical 
advantages of improving the road transport of the United Kingdom 
are thoroughly understood, a long step will have been taken towards 
a better distribution of our town population from crowded centres 
into country districts, and a t  this point he leaves the subject for 
consideration and discussion. 

The Paper is illustrated by Plates 43 and 44 and 16 Figs. in the 
letterpress. 

Disaussion. 

The PRESIDENT said that all the members had listened with 
enthralled interest to the delivery of the Paper by Colonel Crompton, 
and he felt sure that the care the author had exercised in preparing 
the information which was contained in it, and the care with 
which he had placed that information before them in a form which 
even those who had never studied questions of roads before could 
appreciate, entitled him to a very hearty vote of thanks, which he 
now asked the members to accord. 

The resolution of thanks was carried by acclamation. 

Sir JOHN I. THORNYCROFT said he had listened with great 
interest to the Paper that had been read, because the author had 
shown most clearly that it dealt with a subject which might be 
scientifically studied with very great advantage. He  had personally 
examined some of the work that had been done, where a solid 
foundation had been formed and the surface which had to be 
renewed had been made as described in the Paper, and although 
he could not speak from any practical experience of road making, 
that method commended itself to him as being a most advantageous 
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one. The author had stated that a sound surface could be made 
to a road which would not become wavy, and which would reduce 
very much the wear and tear on vehicles, a large saving thereby 
being obtained. If the author’s figures in that respect were correct, 
it should be the aim of all mechanical engineers to endeavour 
to bring about such a state of affairs. The fact that a surface of a 
road was not watertight in some cases was the cause of the wavy 
form of road that sometimes occurred. I n  the old roads where no 
tar was used, and where water was very liable to lie in hollows on 
the surface of the road, the tendency was for the roads to become 
soft in these parts, and the pounding action of vehicles which had 
been so well described had, under those circumstances, an even 
greater tendency to increase the depth of the waves, owing to the 
heavy weight falling on a comparatively soft surface. 

Mr. J. C. MACKAY (Ludlow) said he did not anticipate that 
he would be called upon to speak, because, instead of being a road 
maker, he produced the material that was used for the making 
of roads, and he thought the discussion would better come from 
those who were engaged in the construction of roads. He  desired 
to mention, however, that some years ago when it was desired to 
maintain cheaply a road in Shropshire, the surveyor, instead of 
using the stone which was generally used in a cubical form, repaired 
the road with sett-makers’ chips, which was a very flat stone. That 
road carried the traffic for 11 years, and a large portion of the 
traffic during that period was in connection with the construction of 
the Birmingham Waterworks. From the experience gained in the 
use of that stone, it seemed to him that if cubical stone, after being 
in a road for some years, took a spherical form, as shown by the 
author, the best way to prevent it becoming of spherical form would 
be to make the stones as flat as possible. During the past month 
he had made a very short piece of road with sett-makers’ chips, 
6 inches thick, on a rather soft bottom. A 12-ton roller was put 
Over the road, and it did not compress the chips more than about 
half an inch. If the road had been made of cubical stone, it would 
have been compressed very much more. 
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He would like to add that, however good the surfacing material 
might be, a satisfactory road could not be made without a good 
foundation, and there were very few roads in this country that had 
satisfactory foundations. Tarmac was no doubt a good material, 
but satisfactory roads had also been made with high-class granites 
and basalts, i f  the matrix used had been of a high viscosity. 
There were several examples of such roads in Gloucestershire, 
Shropshire, and Herefordshire. 

Mr. T. G. MA~LXIOTT (Trinidad Lake Asphalt Paving Co.) said 
that, from the point of view of those interested in the construction 
of roads to meet the new conditions, the most encouraging feature 
of the Paper was the inference which might fairly be drawn from 
page 1255 as to the possibility of standardization of haulage systems 
in the near future. The present difficulty was largely caused by the 
wide variation in wear effect of rapid moving rubber-tyred traffic 
and slow steel-tyred vehicles using the roads. I n  his opinion, a 
closer uniformity in this direction would easily allow a type of road 
to be evolved which would fully meet the required conditions. It 
must be obvious that the surface flexibility of road paving was 
possible in the case of bituminous roads in exact ratio to the 
flexibility of the tyre using the surface in question. The present 
wide variation in tyre standards and load conditions prevented 
exact standards of road construction. If heavy loads carried on 
steel tyres continued to increase, it was obvious that an enormous 
increase of cost was to be feared on account of the necessity of 
greatly increasing the strength of road foundations. He  therefore 
considered that standardization of the load-carrying conditions 
must be the first step towards the standardization of road 
construction. 

It was possible that time would establish the fact that no form 
of block paving would stand the harmonic percussive action of self- 
propelled traffic. Already it was seen that this form of paving was 
affected by the new traffic in the direction of rapid wear a t  the joints 
of the blocks, thus setting up R form of vibration which would seem 
to be far more injurious than the periodic wave of sheet asphalt, 
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both to the paving itself and the vehicle passing over it. In his 
opinion, sheet asphalt of the necessary flexibility was the only form 
of paving construction which held out reasonable hopes of being 
able to recover from the initial wave-effects of motor traffic. If 
this class of paving was to survive a long period of wear, it was 
almost unavoidable that it should in its first stages exhibit 
deformation in the manner described by the author, as the character 
of the compressive force exercised by the traffic was entirely different 
from that set up by the ordinary methods of steam-rolling while hot. 
Even the three-wheel axle-roller described by the author would not 
remove this effect. I n  the case of sheet asphalt, while the formation 
of waves might at first appear unsightly, there was unquestionable 
evidence that this tendency was diminished by time and traffic 
until, in its later life, the paving was practically without 
deformation. The exact opposite of this effect was to be noted in 
the case of water-bound macadam, wood and sett-paving. This 
class of surface, while practically perfect when first laid, gradually 
bacame deformed by traffic and time until the paving was so bad as 
t3 require entire renewal. Following this argument, the remedy 
was to be found in the general application of a flexible monolithic 
surface carried upon an elastic cushion of bituminous concrete, just 
as in the case of a railroad the traffic was carried by means of a 
smooth flexible rail laid upon an elastic resilient foundation of 
ballast. The precise standards to be followed in the manufacture 
of materials to compose these two forms of construction, as well as 
the machinery most suitable for the production of the materials 
efficiently and economically, were indicated by the author, and, 
though it might be questioned whether the general terms employed 
in this connexion served much useful purpose, he fully believed 
that he had, with this reservation, touched upon the cause, effect, 
and remedy of the problem of modern road construction. 

Mr. A. DRYLAND (Engineer and Surveyor for the County 
of Surrey) desired to echo the thanks that had been accorded 
to the author for compiling such an interesting Paper. With 
many of the views of the author he was in agreement, with some 
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he was not, and he desired to touch upon a few of the points 
of the latter kind. On page 1253 there was the statement that 
the design of self-propelled vehicles had reached a very advanced 
stage. He thought that  was quite true so far as its power of 
conveying loads was concerned, but he very much wished that 
mechanical engineers would devote their attention to the effects it 
had on the road, and see if they could not modify some of those to 
which the author had referred. Colonel Crompton seemed to think 
that the deformation, as he called it-corrugation was just as 
expressive a word-had not been noticed very much in the past. 
He assured the author that i t  had been a worry to him for a great 
number of years, and he had frequently mentioned the matter to 
the author and others. 

The statement was made in the Paper that materials laid hot 
had an advantage from the fact that they were less likely to form 
waves. He  wished to point out that the diagrams in the Paper 
showed the opposite effect. For instance, on page 1261, where the 
upper diagram showed the material laid hot and the lower one a 
similar class of material laid cold, the section clearly showed that 
the deformation was very much less in the latter case. The remarks 
made about the use of tarred slag also went to show the same 
thing ; and he thought it was very noticeable that in all the four 
trials that had been laid down by the Road Board, the material laid 
cold showed much less deformation than the material laid hot. He  
did not say that would be so in the end, because it might be that 
some of the material laid hot might have more elasticity and would 
thus recover; but he wished to point out that every kind of 
material he had yet seen laid hot was more corrugated, a t  any rate 
in its early stages, than that which was laid cold. He thought 
there would be a very large development of bituminous materials 
laid in the hot condition, and one of the problems to be faced was 
how they could be laid hot and yet an even surface be obtained. 
He did not know how far the three-axle roller or a multiple-axle 
roller would meet the case, but he was bound to say that, from the 
little work he had seen done by the three-axle roller, it certainly 
appeared to present a more even surface than with the ordinary 
tandem roller. 
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He desired to call attention to  another point with regard to the 
formation of waves and the general deformation of roads. It was 
very evident that weight was an extremely important factor in the 
case, bemuse if observations were made on certain of the roads 
leading from London on which most of the heavy vehicles travelled 
outward heavily laden, it would be found that nine-tenths of the 
defects in the road surface were shown on the near side, and that 
indicated to him that the weight combined with the speed was the 
greatest factor in the deformation of roads. He  thought there was 
much in the point the author had made in regard to the rhythm of 
the wheels, and he particularly wished to direct the attention of 
mechanical engineers to that point with a view to seeing whether 
it could not be varied. It might be done possibly by a variation 
in the size of the wheels between the front and the back. I n  most 
vehicles at present the wheels were very much the same size. 

The author had stated, in connexion with rubber tyres, that 
the wheel diameter was not of great importance, but he (Mr. 
Dryland) did not agree with him on that point. Colonel 
Crompton had referred to the effects of motor-omnibuses on a 
road as causing the greatest extent of deformation, and in that 
case the wheels were very much the same size and had rubber 
tyres, so that he did not think it could be said that the question 
of the diameter of the wheel, even if the tyres.were of rubber, was 
not of great importance. H e  thought it was of great importance, 
and he would very much like to see all self-propelled vehicles made 
with larger wheels. 

H e  quite agreed with the authgr that so far the use of tarred 
slag had produced very admirable results, and a t  the present price 
it held its own against anything that had been brought before his 
notice a t  the present time. H e  wished to point out that the 
author rather inferred in his Paper that the coating on the Thames 
Embankment was on an ordinary macadam surface. That was not 
the case; it was on a tarred macadam base. He and many other 
surveyors had, however, tried comparatively thin asphalt coats 
1 inch or 14 inches thick on the ordinary macadam crust, and so 
far with very promising results, the idea being that where there 
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was a sufficient strength of metal to carry the weight it was not 
necessary to have in addition what the author called a strength 
crust. H e  felt there might be possibilities of weakness in  regard 
to the connection between this asphaltic coat and the macadam, but 
so far in cases which he had in mind, even with a very thin 
coating of 1 inch, which had been carrying a very considerable 
motor-omnibus traffic for something like two and a half years, 
there was no evidence at present that there was any parting 
between the coat and the base, nor was there any visible 
deformation of surface. 

He thought the author was rather sanguine in some of hib 
statements in  the latter part of the Paper, for instance where he 
stated that 200 tons a day of material could be turned out and 
laid. H e  thought it would be found in practice that it was 
not possible to deal regularly and properly with such an amount. 
H e  did not think either it was necessary for the statement to be 
made that a plant of that kind should be very near the works, 
although of course it was desirable. As a matter of fact, that  kind 
of material had been laid as much as 30 miles from the works with 
very considerable success. It had been carried all that way hot 
even by the slow process of a steel-wheeled tractor, which had 
taken from 6 to 12 hours to get to the site of the work. 

H e  did not wish to criticise closely the author’s figures with 
regard to the reduction of cost in the future. H e  thought, 
however, that some of the author’s assumptions were only 
assumptions, and that it was very likely they would not be 
justified by results, one of the assumptions being the life of 
12 years for the surface wear of a modern road. H e  hoped the 
author might be right, but he had very grave doubts. There 
were very few roads that promised such a length of life at pr6sent. 
H e  also hoped that the saving in cost both on the vehicle and on 
the road might be such as he anticipated. 

H e  concurred in the remarks the author had made on the 
question of road deformation, and wished to point out to 
mechanical engineers that the matter wa5 a most important one 
to them, because the greater the departure from a true rolling 
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surface, naturally the greater the wear and tear on the vehicle 
itself. It was well worth the attention of mechanical engineers to 
see whether they could not modify the design of vehicles and make 
such alterations in the distribution of the load as would reduce that 
deformation. It was a worry to those who had the charge of roads 
to know how to overcome deformation, because it was a very 
difficult matter to remedy without reconstruction, and if that 
reconstruction had to take place at  frequent intervals, it must 
naturally be very costly to the Road Authorities, and probably 
the motor vehicles would not have such good roads to run upon. 
He  therefore trusted mechanical engineers would do everything 
they could to help in minimizing the damage that was a t  present 
caused. 

Mr. CHARLES HAWKSLEY (Member of Council) desired to ask 
the author how, if his stipulation that the lower layer of the road 
formation was never to be broken was to be carried out, he 
proposed to deal with the laying of gas, water, telegraph and 
other pipes and the construction of sewers, all of which must of 
course necessitate breaking through the lower as well as the upper 
layer of the road. 

Mr. MARK ROBINSON (Vice-president) would like to ask a few 
questions of the author. I n  describing the genesis of the wave 
formation on roads, the author spoke of the material being pushed 
forward in front of the wheels. He  would like to know whether 
that advance was continuous. I n  taking measurements on the 
crests of the ridges, did they find that these ridges remained in 
the same spot, or did they constantly, but of course slowly, move 
forward under the traffic-as (to compare slow movement with 
fast) the waves upon water moved forward under the pressure of 
the wind? And, if the ridges advanced, did they advance in 
opposite directions on the two sides of the road, in accordance 
with the direction of the traffic? He would also like to hear 
Colonel Crompton’s explanation as to why wood pavements 
developed similar ridges, even when resting upon concrete, and 
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not upon loose stones. He thought such ridges certainly appeared 
in wood paving; for instance, he had noticed them in the wood 
paving of York Road, Lambeth, between Westminster Bridge Road 
and Waterloo Station, which had recently been re-laid with asphalt. 
The movement of loose stones below the wood could not of course 
account for the ridges in a case where there were apparently no 
loose stones. The hollows and ridges there must have been 
produced by wear rather than by movement, and why the wear 
should take the form of cross-ridging, as he believed it did, a t  
least in some cases, was somewhat puzzling. 

A t  least a dozen years ago he had seen cross-ridges in a country 
road where there certainly was no motor traffic of any kind, and 
the opinion had been expressed to  him by a gentleman who had 
much knowledge of road making, that  the ridges were due to the 
use, or as he put it to the misuse, of the steam-roller originally 
employed on the work. This was practically the same view as the 
a,uthor had expressed. His friend also on that occasion made the 
interesting remark that he had observed worse ridging produced 
by a single-cylinder traction engine than by a double-cylinder engine. 
It certainly seemed possible that rythmical irregularity of drive 
would accentuate the trouble. I n  Westminster there were 
opportunities for studying the ridge question, at least for those 
who had to drive in  Victoria Street a t  an  hour after the traflic 
had become small. Looking in front of one along the street one 
saw the lights glancing off the crests of the asphalt waves in R 

manner almost reminiscent of the moonlight on the waters, and 
the jumps of the taxi-cab from crest to crest rather helped the 
illusion. 

Mr. LEONARD F. MASSEY desired also, from a mechanical 
engineer’s point of view, to put a question that bore on the 
formation of waves. The members had been told that the waves 
had a tendency to move forward. Did the valleys move forward 
also-there seemed to be no evident pressure on them-or did 
they stand still and thus lead to a carrying out of the analogy of 
the wave, the breaking of the wave, and was that the wave which 
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such a road broke up ? Or was it a movement of both-the valley 
moving more sluggishly, thus giving still a relative movement, 
leading to the ultimate breaking up of the road from the breaking 
of the wave Z 

He also wished to put to the author another point of general 
interest, namely, was this bituminous material useful for other 
purposes than road making? The author had described the 
bituminous elastic concrete or asphalt that he used for road 
surfaces, which possessed the qualities of tenacity and elasticity, 
which were much in request for some resilient foundation 
purposes, under heavily vibrating things, the chief example of 
which known to forgemen was perhaps found in the forge hammer. 
There great difficulties were experienced. Concrete was commonly 
used and was found too hard for the purpose in view, so timber 
and all sorts of ingenious arrangements were often put on top to 
obtain resilience. If it was not wandering too far outside the 
subject, he thought it would be of great interest if the author 
would state whether he had found other applications for the 
resilient concrete, as it might be called, which he had used for 
the road surface. 

Mr. C. J. JENKIN said that he had been very much interested 
in the remarks that had been made in regard to the formation 
of waves. He had had under observation a length of road 
whioh was subject to continuous motor-omnibus traffic, and 
he had noticed that the waves and the valleys also were 
certainly advancing in the direction of the traffic; he could 
not say if the whole of the material in the road was moving 
forward, but he thought it probable that the top layer of waves 
was being pushed forward over the lower layer. It was only 
necessary to look a t  the road to see that the waves were curved 
in the direction of the traffic in the one direction, and similar 
waves were apparent curved in the direction of the traffic in the 
other direction. I n  both cases the waves were certainly moving 
forward, because if a h e d  point was taken on either side of the 
road the movement forward was distinct. The formation of the 

 at RMIT University Library on April 7, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


1306 ROAD CONSTRUC'IION. DLC. 1913. 

(Nr. C. .1. Jcnhin.) 

waves was, he thonglit, particulady caused by the hammering 
action of the hind wheels. Water lodged in the hollows, the 
hind wheels forced the water into the road, with the result that 
valleys were formed. 

He  felt certain there was a certain rhythmic motion in the 
wheels which was no doubt largely dependent on the length of 
the wheel-base. If one drove over a road in a motor-car;which 
had a smaller wheel-base than Ian ordinary motor-omnibus, one 
would be nearly thrown out of the car, whereas, strange to say, the 
movement was comparatively slight in the motor-omnibus which 
had made the waves. There seemed to be a sort of rocking motion 
between the vehicle and the surface something lakin -to cogs Ion 
wheels. 

With reference to the shape of stone used, he had proved 
conclusively to his own satisfaction, from experiments he had 
carried out, that the cubical form of stone was not the best for 
road making under all kinds of practice. The cube lent itself to 
the formation of spheres sooner than any other shape of material. 
There was a certain amount of sliding motion between flaked 
stones, but there was less settlement and attrition during rolling, 
and with a bitumen binding they were also certainly preferable. 
Reference had been made to the use of slag. The reason in his 
opinion for the result that had been obtained from the use of that 
material was that slag was less elastic than granite. When two 
stones engaged one against the other they did not tend to roll so 
much ; the softer material in the slag gave way and settled down 
to the shape of the stone next to it instead of breaking it. 

The road-testing machine which had been installed a t  the 
National Physical Laboratory seemed to him an extremely 
interesting one, but it occurred to him to ask whether the 
author had made provision in the machine for a " traverse " of 
the wheels as they ran round on the track so as to meet actual 
conditions. If not, he thought that the condition which existed 
was very foreign to that found in actual wheels running on roads, 
where the traverse was even very slight from side to side. 
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Mr. W. WomY BEAUMONT said the Institution was 
indebted to the author for bringisg the subject of road making 
before the notice of mechanical engineers. There was no doubt 
that making of roads had come into the hands of the mechanical 
engineers. The author had shown in his Paper some of the 
machinery which had become necessary in order that road making 
might be carried out in a mechanical way. When he said “ in  a 
mechanical way,” he meant the difference between puhting materials 
precisely where one intended them to remain, instead of merely 
dumping and levelling them and chancing their getting permanently 

.into the position in which they would be most useful. He thought, 
however, it would be more useful if the author had said a little 
more, not only in regard to the construction, but in regard to the 
working of several of the machines to which he had directed 
attention, and he hoped the author would do so even in a 
supplemental Paper or in his reply to the discussion. A diagram 
was shown of the “ Lightning ” crusher, but very little idea was given 
as to how the work of that machine compared with other machines 
for the same purpose, and what the effect on the hinged or pivoted 
hammers, of working a t  speeds which seem to be implied, but the 
details of which were not given. A little further information, 
which the author undoubtedly possessed, might have been given in 
regard to the measures to be taken to secure the effective coating 
of whatever rock material was used as an aggregate with the best 
bituminous materials that could be used for the purpose. A great 
many difficulties were experienced in keeping the machines in 
order, in keeping the mixtures right and the temperatures uniform, 
and in getting the mixture properly delivered so that there was no 
segregation of the constituents of the aggregate. On the mechanical 
engineering side of the Paper the author had given a great deal of 
information, but he could give more: it was a case of “Oliver 
asking for more.” 

The author had devoted a considerable part of his Paper to the 
question of the corrugation of roads, on which a great deal had 
been said in the course of the discussion. On page 1269 a statement 
was made which appeared to be a contradiction, or a t  any rate it 
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 ah not quite in agreeinent with what had previously been stated 
with regard to harmonic impact and the use of the three-axle 
roller, namely, “The chief reason why no surfaces but those of 
wood pavement, or of the sheet asphalt laid with a trowel and 
adjusted by handbeaters, are free from initial harmonic waves, is that 
the road-roller used when, as is usually the case, the rolling is carried 
out in the direction of the line of traffic, however skilful the operation 
of rolling is performed, always produces waves which eventually are 
intensified by the traffic.” That was somewhat in contradiction of 
the passage on page 1263 : “ This tendency towards wave formation 
had already been often noticed by road surveyors, but the causes of 
it in the past were put down to original unequal spreading of the road 
material, to unskilled rolling, irregular consolidation, insufficient or 
irregular foundations, excessive watering, in fact to many causes other 
than the one now brought forward by the author. Everyone knew 
the roads were wavy, but no one assigned the waviness to what the 
author believes is the chief cause, that  is, the repeated action of 
vehicles, closely resembling one another in their harmonic action, 
passing over the road a t  a speed sufficient to transform the smooth 
rolling of the wheels into bounding or pulsating motion.” He 
thought the author was correct in  his theory so far as he attributed 
the waviness to an origin of the rolling order in  the making of the 
road, and the laying of the materials in rolling, or to the rolling by 
heavy vehicles; but when he spoke of the action as being an 
harmonic action a t  speeds sufficient to  transform the smooth 
rolling of the wheels into bounding or pulsating motion, he 
thought a good deal more evidence was required of the existence 
of an harmonic pulsating action, and, secondly, of its effect. He  
was certainly of opinion that the three-axle roller described was 
a better implement, especially with materials the use of which the 
author encouraged, namely, smaller and smaller materials as the 
surface of the road was reached, than the ordinary brute force and 
heavy weight roller. No doubt i f  a roller had six axles and they 
were all very close together it might be still better for reasons 
which were obvious. But that there was anything like harmonic 
action in the ordinary traffic, either in producing corrugation 01- 
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in increasing the wi~ve Iieight or number, was a suggestion which, 
in his opinion, stood in need of i~ good deal of further exp1an:btion 
and proof. 

There was really no harmony whatever in his belief in the 
action of very variously used vehicles-vehicles with all kinds of 
length of wheel-base and all kinds of weight per wheel. On the 
other hand, engineers knew that the statement the author made on 
page 1269 was quite true, that surfaces which had been laid by hand, 
and in which no initial waves, that  is, hard and soft places, had 
been made by rolling, did remain a long time, and perhaps continued 
to remain, without the formation of corrugations. The author 
mentioned recent roads that had been constructed with what might 
be called a more homogeneous metalling and surface-finishing 
materials, which were remaining perfectly satisfactory without 
corrugation. He  desired to be permitted to point out that he 
believed he (the speaker) was the first to show in 1898, in his 
Presidential Address to the Society of Engineers, that in the rolling, 
especially of big materials, the use of which was common in 1898, 
the material was not only pushed forward by the rollers until it 
could be pushed no further, the rollers t’hen mounting the material 
and crushing it down, and so producing recurrent hard and soft places, 
but that what the author pointed out in Fig. 4 (page 1265) actually 
happened. With the materials that were commonly used in 1898, 
and which he was sorry to say had been used for a great many 
years since, including the road on the Thames Embankment, attempt 
was made to compact lumps of granite, many of them half as big 
as a man’s fist, into level uniformly packed masses by running a 
roller over them. An endeavour might just as well be made to 
make a level surface of the Giant’s Causeway. While rolling of 
such materials was being done, the small materials sorted themselves 
out while the big materials were moving, so that there were 
recurrently roughly sorted large and smaller materials and hard and 
soft places when the roller left the road. The same thing still 
obtained in modified form with more modern materials, except 
that the mixture of the aggregate was not affected, and it was the 
wave formation in the rolling process which was the origin of the 
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hard and soft places which were brought out ultimately by the 
vehicles that ran upon the surface. I f  the roads could be flattened 
by a ramming, or punning like the ramming or flattening in a 
moulding box with peg and flat rammers, the corrugations would 
take a very long time to show themselves ; but nevertheless all the 
materials used at the present time, especially under heavy loads 
with iron-tyred vehicles, must have more or less corrugations 
produced in them. If a perfectly homogeneous material were used, 
things might be altered, but so long as material of anything like a 
plastic nature was used, corrugations must ultimately be produced, 
especially in the hot part of the year, by vehicles shod with steel 
tyres carrying heavy loads, and giving heavy pressures per unit of 
area of road surface contact or bearing area. 

Colonel CROMPTON, in reply, said that the fault of his Paper was 
that he had attempted to include in it material sufficient for a 
series of Papers. The Paper would have been advantageously 
confined to the one subject of the wave-formation which was 
observable whenever modern motor traffic became considerable. It 
was probable, however, that  when more accurate data became 
available on the causes and cure of wave-formation, others would 
take up the subject and deal more effeotively and completely with 
several of the questions raised by him in this Paper. 

It would be convenient to take in order the remarks made by 
various speakers on the question of wave-formation. Mr. Beaumont 
(page 1308) contended that he, the author, had not proved 
conclusively that it was the harmonic action of motor-vehicles 
which was the chief cause of the wave trouble. He, however, felt 
certain that he could convince Mr. Beaumont that so many 
instances existed where the wave-formation had only appeared 
after the traffic had developed as harmonic traffic in the form of 
motor-omnibuses or motor vans, that it was only where this class 
of traffic formed a large percentage of the whole that the wave- 
formation showed itself to any marked extent. He could instance 
many roads, such as that from Golder’s Green Station towards 
Hendon, Barnet to St. Albans, and half-a-dozen similar cases, 
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where the marked wave-formation had followed very quickly on 
the establishment of a line of motor-omnibuses, and where such 
omnibus traffic practically formed 90 per cent. of the trafic 
traversing the road. But he agreed with him when he said that 
the wave-formation was in most cases initiated by the original 
faulty rolling. Generally, however, the waves left by the roller 
were long waves from two to three times the pitch of the shorter 
waves produced by the harmonic action of the vehicle; and 
undoubtedly, as Mr. Dryland and other speakers had said, there 
were several other causes which contributed to form the waves. 
For instance, any projecting lump such as a large prominence in 
the surface or a cast-iron surface-box covering a water-cock, was 
liable to start a ripple which afterwards travelled along the road in 
the direction of the traffic, the short waves of this ripple eventually 
elongating themselves into waves of a definite pitch corresponding 
with the traffic traversing the road. 

Mr. Dryland, the County Surveyor of Surrey, who had so much 
to do with the reconstruction of road surfaces near to London, 
had had unrivalled opportunities of testing and comparing various 
modern systems of road surface and of judging of their respective 
merits, so he felt and appreciated his general agreement with him. 
Mr. Dryland (page 1303) agreed generally with him on the wave 
question and pointed out that many roads, still possessing excellent 
and smooth surfaces, must unfortunately be broken up and the 
surface re-formed soIely on account of the wave nuisance. Mr. 
Dryland was right in saying that there was a far greater tendency 
to produce waved surfaces when hot material had to be rolled than 
was ever the case with waterbound macadam, or even with tarred 
slag macadam which could be rolled cold. H e  was undoubtedly 
right in this, and he, the author, had admitted it in the Paper, but 
engineers had to meet this difficulty of rolling hot material by some 
device or  other which would not be so liable to form waves as the 
present two-axle roller. For once the hot material was finished by 
the roller and allowed to get cold, it set by change of state so firmly 
th?t any defects then existing would be perpetuated for long 
periods or until the surface could be broken up and re-formed. 
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I n  spite of these difficulties in rolling hot material, he thought 

it was very desirable to use it on account of its setting a t  once after 
rolling was completed ; for this reason he preferred it to the rolling 
down of cold bituminous-bound material which, as it set slowly by 
the evaporation of the oils in the binder, was always, during the 
comparatively long period of setting, in a tender condition, and 
therefore a t  the mercy of any deforming traffic such as traction 
trains or heavy motor-wagons which traversed the road when it 
was still in this tender condition. Mr. Dryland would recollect 
that when one of the experimental tar-slag macadam lengths in 
Kingston Vale was first laid, it was deformed throughout its entire 
length by the passage of one traction engine with its train, and had 
to be re-laid in consequence. Mr. Marriott (page lags), whose 
knowledge and experience of hot-rolled material was second to none, 
and who was responsible for the splendid suisface of the Thames 
Embankment, appeared to agree generally as to the harmonic 
action of the traffic; and went further, pointing out that wave- 
formation extended to wood pavement and other classes of surface, 
although of course not to such a great extent. Mr. Marriot was 
doubtful whether his, the author’s, proposal to use 3-axle rollers 
would get over the rolling difficulty. He could only point out that 
as far as the 3-axle system had been on trial, it had been very 
successful. ~ 

Mr. Mark Robinson (page 1304) generally agreed that wave- 
formation was caused by the traffic, but pointed out that it had 
been observed before modern self-propelled traffic became general. 
This was true, but, as he had just said, it was never so marked or so 
serious a question as it had become since motor-vehicles formed 
such a large proportion of the traffic using the roads. Mi.. Massey 
and Mr. Jenkin both asked questions as to the forward movement 
of the wavss. He  believed there was no question that whatever 
was the cause when the waves were once started, they undoubtedly 
lengthened to  some extent nnd that the lengthening was in the 
direction in which the traffic moved. They could see this in the 
case of wavss originally in the form of a ripple which started in 
the wake of a projection or lump OQ the road surface, 14 this 
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case the ripple first formed was of short pitch, but the length of its 
waves gradually increased until the ripple, originally of one or two 
short waves, gradually extended by the lengthening of these waves 
many yards down the road from the point where the ripple was 
originated, 

Mr. Massey (page 1305) also called attention to the liability of 
the road to  break up at the wave crests when the crests became 
pronounced. He had observed this, and believed that this breaking 
up of the crests determined the time a t  which the road surveyor 
mpst re-form the surface. 

Mr. Jenkin (page 1306) appeared generally to approve of the 
author’s theories as to wave-formation, hut considered that the 
better interlocking of flaky-shaped stones would to some extent 
enable the road surface to resist the wave-forming movement. He 
thought, however, that Mr. Jenkin, when he said slag was less elastic 
than granite, would have better expressed his meaning if he had 
said that the slag was more plastic than the granite ; in other words, 
that the roller could squeeze the lumps of slag into new forms so 
that the voids became better filled, and the tendency to future 
deformation was thus avoided. 

Mr. Jenkin asked whether there was any radial traverse of 
the wheels used on the road machine at the National Physical 
Laboratory. Such end traverse was provided with the object of 
preventing the formation of ruts, but it had the unexpected result 
of producing on the test surface small geometrical marks somewhat 
resembling that called “ engine turning ” on the back of a watch. 

Mr. Charles Hawksley (page 1303) called attention to a very 
important matter-that of the laying of pipes in carriage-ways, 
He  thought that if there was a practice that deserved immediate 
suppression, it was this practice of disturbing carefully surfaced 
carriage-ways for pipe-laying purposes. Pipes should be relegated 
either to the footways or to special parts of the highway reserved 
for their reception. It was bad enough to break up a waterbound 
macadam road for pipe-laying when such a road was in good 
condition, but the case was infinitely worse with the modern 
bifuminous-bound roads costing from twice to three times the 
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money, and intended to last without renewal for long periods. I n  
future roads, space for the pipe lines must be provided, either under 
the footpaths or wherever possible under the grass wastes a t  the 
side of the road, or in special strips separating the carriage-ways 
from the footways, which might be either grassed or planted with 
trees. 

Mr. Jenkin asked whether, in the model, a sideway movement 
of the wheels affected the rocking action on the stones. It 
undoubtedly did so. Several interesting points could be observed 
in working the model. If the wheels were slightly skewed a lifting 
action on one of the wheels was observable. The Paper was, 
however, already too long, and it was impossible for him to go 
into these interesting questions. 

Apart from his remarks on wave-formation, Mr. Dryland had 
raised a very interesting question, namely, that he thought the 
author’s figures as to the durability of improved road-surfaces 
were too sanguine. He  (Colonel Crompton) could not find fault 
with road surveyors in taking this view ; in fact, they were bound 
to take the most conservative view when putting the matter 
before their Councils, but he would remind Mr. Dryland that the 
tarred slag laid by him near the river-front in Surbiton had been 
down for nine years, and had carried traffic considerably in excess 
of the amount of 1,000 tons a day chosen by him for his 
comparative Table (page 1395). I f  Mr. Dryland applied the figures 
of that Table, he would find that his (the author’s) conclusions 
were justified, and that the saving to the users over that length of 
road a t  Surbiton in the form of reduced tyre bills, and reduced 
repairs following thereon, was quite as great as he had set out in the 
Table; so that, if he (the author) was right in thinking that the 
two-coat methods advocated by him would constitute a still further 
advance in lefficiency and in reduced cost of maintenance, still 
better economical results would then be obtained. 

Mr. Dryland had also raised another very important question, 
which was that in many eases the two-coat work advocated by him 
(the author) was unnecessary (page 1302). A large proportion of the 
country roads of the kingdom already possessed that, in the form 
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of well-laid-out and well-formed waterbound macadam, the strength 
crust of which, if it had one wearing crust laid on it, would 
undoubtedly give excellent results, probably quite good enough to 
obtain the economical advantages he claimed in his Table. 

Mr. Massey asked a question (page 1305) rather outside the 
scope of the Paper, on the effect of the use of bitumen for resilient 
foundations for machinery. He was able to state that he had had 
satisfactory experience with bituminous concrete used in this 
manner. In  the course of his professional work in constructing 
central electric-supply stations, he had put down a t  Vienna massive 
concrete foundations insulated from the underlying earth by 
inserting layers of bituminous concrete, which had the effect of 
suppressing any vibration or preventing it from being communicated 
to the neighbouring premises. 

Summarizing the verbal discussion, he thought that road- 
surfacing work was at the present time as interesting an engineering 
development as electrical engineering was 25 years ago, and 
from the nature of its problems it had attracted into its ranks 
and developed the electrical mcn of to-day. He  pointed out 
that mechanical engineers had now before them a series of problems 
in machine design, and in organizing the work of road-surfacing. 
The urgent demand was for machinery which could be easily. 
erected sufticiently near to the roads to be re-surfaced, which would 
enable the material to be crushed, dried, heated and mixed with 
the bituminous binders, and spread and rolled to a true surface as 
rapidly as possible, and with the least possible cost. Undoubtedly a 
chief factor which had enhanced the cost of the modern road surfaces 
had been the uncertainty of our climate, which saddled the,road 
surveyor or contractor with the expense of paying a large staff of 
workmen and superintendents a t  times when the weather was so 
broken by spells of wet or frosty weather that actual operations 
of laying and rolling the material could be only carried on 
intermittently. The reduction of the working staff by adopting 
suitable machinery would therefore be attended by great economies 
a t  such times of broken weather. 
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He  hoped he had been able to impress mechanical engineers 

with the nature of the problems now laid before them, and that 
in the design of machinery and the organization of road staff a 
profession was developing which afforded a fine future for the 
younger men. 

Communications. 

Professor WILLIAH G. FEARNSIDES (University of Sheffield) 
wrote that he thought a few remarks from the point of view of a 
geologist might not be out of place in  this discussion. I n  a Paper 
which teemed with new information, the outstanding feature seemed 
to be the author’s explanation of Road Deformation. I n  a general 
way, he thought that most people would agree that rhythmical 
stimulation by the repeated percussive action of similar and similarly 
oscillating vehicles, in that it, must set up a forced vibration in the 
road, could do much to alter the conformation of the heterogeneous 
solid aggregates of which the road crust was constructed, but 
he did not think that evidence of such harmonic action as the whole 
cause of road deformation was yet before them. I n  discussing the 
movement of the stones into their new positions, the author (page 
1264) found a parallel in the rocking motion of pivoted particles 
beneath moving wheels. He would ask how far the wood-block 
pavements laid on rigid concrete foundations, for example, a t  Hyde 
Park Corner or along the Fulham Road, in which rippled waviness 
was only too evident, could bear out the simile ? 

As an alternative to the author’s explanation, he would 
suggest that the wave formation of “ voidless constructions ” 
was secondary to the lateral expansion of the crustal layers 
when they were compressed by passing loads or when they 
yielded under the percussive action of fast-moving traflic. Tlrc 
author found the exp!anation of the uniformity of wave-length of 
the ripples in the harmonic character of the stimulation. True, 
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when a fast-moving vehicle got into a hole, it gave a jump and 
came d o m  and knocked the road about a certain distance further 
on. As roads were traversed by vehicles of all sorts, weights and 
speeds, interference of a sort would come about and waves somewhat 
analagous to ocean tides might be sorted out by the harmonic 
synthesis which ensued. Nevertheless, on the main point he was 
inclined t o  join issue and to hold that the wave-length of the 
resulting folds was, in part, determined by the elastic properties of 
the material deformed. An unsupported cylinder of water acted 
upon by its own surface forces became unstable and broke into drops 
of equal size, and there was no doubt that a uniform sheet of road 
crust, held tight between its boundaries, malleable, and being rolled 
out under the action of traffic, must similarly become unstable and 
tend to break up in a rhythmicor harmonic manner. Strata in the 
earth's crust, where stretched, had developed joints at regular 
intervals and, where deformed by lateral pressure or by the shearing 
over them of other strata, had bent into anticlines and synclines, 
the wave-length of which was a function of their rigidity; and he 
conceived no muse why compacted superficial strata becoming folded 
in a road crust should invert the normal order and take the part of 
the bow instead of being the string of the instrument which was 
played upon by the traffic. 

The difference between the two points of view could readily 
be brought to  a test by measurement of the wave-length of the 
deformations on different sorts of road. He (the writer) was not 
now resident near an omnibus route, but he had notes of shallow 
swells on asphalt 4 feet apart, and had seen rhythmic ribs 
developed on soft wood pavement a t  intervals of less than 3 feet. 
I n  his discussion of initial harmonic waves (page 1269), the author 
noted how the wave-length adopted by unconsolidated material 
in the process of road making was greater than the wave-length 
developed by the trafficked road, and in this appeared the operation 
of a general law. 

The diagrams of a new and R deformed road, Pig. 4 (page 1265), 
showed the accumulation of '' smaller rounded stones underneath 
the troughs and larger stones underneath the crests of the waves," 
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but showed no polarity in the setting of the long and the short axes 
of the individual stones. I n  the development of slaty cleavage in 
rocks, one of the earliest results of pressure was the rotation of 
larger particles within the fine grained matrix and the setting of 
these particles with short axes parallel to and longer axes at right 
angles to the direction of onset of the pressure. The writer had not 
observed this type of polarity in water-bound macadam from which 
the mud matrix in wet weather was squeezed out ; but, in “ voidless ” 
tar macadam taken from n well-worn road, polarity wasmost noticeable, 
and the longer axes of the stones were turned round and became sub- 
parallel with the road surface. It was by such internal rotation of 
particles, compelled by repeated impacts, each severe enough to 
over-pass the elastic limits of the road aggregate, that he imagined 
the mechanism by which the lateral expansion of the road coating 
must proceed. 

The author mentioned (page 1265) the stones as ‘‘ being propelled 
to new positions by the percussive action of the wheels.” Did the 
stones move with the traffic or against it? Action and reaction 
were equal and opposite, and the drive of the engine should 
therefore pull the stones backward, whereas the braking of the load 
must push them onward. When the stones moved, the waves must 
migrate with them, and it would be of interest to learn with what 
velocity the wave crests advanced and how the waves produced by 
opposite streams of traffic interfered and behaved along the crown 
of the road. 

Dealing with improvements of road surfaces (page 1275), the 
author excused the failure of tar dressing because <‘ the action of tar 
does not extend sufficiently deep below the surface to hold the 
surface together in winter.” Another way of stating this was that 
the break-up was due to the coming of ‘( sub-crust dew” * which 
water-logged and reduced the strength of the aggregate which 
supported the tar and made the dressing to fail through no intrinsic 
weakness of its own. Asphaltic pavements (page 1276) laid upon 

Transactions, Surveyors’ Institution, 1913, Vol. xlvi, p. 46. 
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foundations of impervious concrete were not subject to this action, 
for by the impermeability of the concrete the arrival of the winter’s 
sub-crust dew was delayed or, it might be, postponed sine die. 

Discussing the material available for double-coat work (page 
1278), Colonel Crompton advocated the use of bitumen with local sand, 
more especially with sand artificially produced by the crushing of 
local rock. I n  this he was doubtless right, but it should be borne 
in mind that not all mineral particles would hold contact with 
pitch or bitumen under road conditions. Crushed flint seemed to 
the writer useless in this association, and unless ‘‘ the 10 per cent. 
of fine limestone powder or Portland cement ” (page 1279) could be 
persuaded to make firm junction with the quartz sand used, the 
bond between it and the bitumen was likely to be relaxed and the 
aggregate to perish as time went on. I n  general, the rocks most 
suitable for the manufacure of bituminous asphalt were the rocks 
with low silica percentage, and among these the igneous rocks 
basalt, dolerite, diorite, and gabbro must be given a high place. 

I n  describing machinery for the 1Fying of bituminous or pitel1 
macadam, provision was arranged (page 1284) for fluxing the binder 
‘‘ to give the degree, of ductility which furnishes a wearing surface 
of maximum strength and durability.” It were well further to 
emphasize the importance of the latter attribute, for the “ surface 
tension properties” of mixed tars and pitches so distributed the 
constituents within the aggregate that, after a time, fluxes were 
concentrated in the outer skin of the mass, and if those fluxes were 
at all volatile they evaporated away and left the ductility of the 
aggregate lower than it should be. I n  this case the brittleness was 
increased and its durability was quickly exhausted. With pitch 
aggregates spread and rolled down cold, this differential evaporation 
of the volatile oils of the binder was a process which was 
counted upon, but it was important to know and to secure that 
the end point of the evaporation came before the satisfactory 
degree of ductility had been overshot. 

Although in the foregoing he had essayed a friendly criticism 
of some essential details of the Paper, he must confess himself in 
complete agreement with its main conclusions ; and could not close 
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without thanking Colonel Crompton for linving placed so much 
of his unrivalled knowledge :Lnd considered judgment on matters of 
road construction a t  the disposd of i t  public which was ever anxious 
to learn. 

Mr. E. PURNELL HOOLEY (County Surveyor of Notts) mote  that 
he would like to preface his remarks by thanking Colonel Crompton 
for his continued ‘‘ research ” work-work that county surveyoim 
and surveyors generally had no time, opportunity, nor funds to go so 
deeply into, as those might have, who did not come in such close 
contact with the money-finders, that is, the ratepayers. 

The author of the Paper appeared to view the subject of roads 
from a standpoint which was different from that of a surveyor ; 
the latter’s livelihood and his success depended on his not being 
considered extravagant, wasteful, nor adding to the already over- 
burdened ratepayer. Colonel Crompton’s view seemed to point 
more to the fact that roads must be constructed to carry any 
sort of trrtflic, albeit that traflic might be more for the benefit of 
the owner of the vehicle than for the public a t  large. For 
instance, the brewer, the miller, or amusement caterer sent out his 
self-propelled vehicle on to the highway, and this was one of the chief 
road destroyers of the country roads. Did beer or bread become 
any cheaper by being so sent, or were the ratepayers any better 
for the use of steam roundabouts? These were the points that 
surveyors had to consider. The surveyor of the future might have 
different views from the present, but he (Mr. Hooley) was convinced 
that if Colonel Crompton were a county surveyor and had to bear 
the continued grumblings of added cost of roads by local ratepayers, 
the complaints as to the bumpy or uneven roads from those who 
toured in luxurious cars, and the maledictions of those who called 
themselves ‘‘ Indignant Ratepayers ” or “ Farmers’ Friends ’’ in the 
local Press, his sympathies would be extended to the surveyors, and 
possibly he would see more from their point of view. 

The waves in roads, in his opinion, were due to varying causes, 
and as yet he had never satisfied himself that any general cause 
explained the condition. The waves were caused by :- 
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(1) An uneven foundation ; 
(2) A lack of fohdation ; 
(3) A moving sub-crust ; 
(4) An attempt to consolidate too great a thickness of dry 

material ; 
(5) Indiscriminat- mixing of varying gauges ; and, 
(6) Steam-rolling longitudinally. 

Causes 1 and 2 were practically impossible to  avoid, unless funds 
could be provided to remake the roads entirely. Cause No. 3 
could be avoided to a great extent by using more “sticky” 
material, and the careful filling of “ dry ” material to prevent voids. 
Causes 4 and 5 could be absolutely remedied if material were laid 
each in the various gauges and t,he voids filled up in the lower 
before the application of the wearing face, the voids of which must 
also be filled. With regard to cause No. 6, he was of opinion that 
if a roller could be designed to work at  an angle acros the natural 
course of traffic, a great improvement would result in the ever- 
present “ waves.” From the writer’s own observation, he had seen 
far more waviness in some of the most heavily trafficked streets of 
London where asphalt was laid, than he had proportionately on 
county roads, and he could only imagine that Colonel Crompton 
had either missed those streets, or he (Mr. Hooley) had looked at  
the streets from a different view. 

The question of original cost for treatment of roads again arose 
here. He was convinced that few County Councils in the United 
Kingdom would care to risk the cost of asphalt road construction 
at, say, 158. per yard, even if it could be proved that the life would 
be fifteen years, if they could obtain a road costing 38. per yard to 
construct, if it would last seven years. 

He  awaited with interest the result of the trials of three-axle 
rollers ; but here again it was impossible for county surveyors to 
experiment. They had no funds and their Councils had no funds 
for experimental purposes. If the author could by any means solve 
the di5culties of setting Councils up in funds for “ experiments,” 
he was sure there were young surveyors able and willing to give 
their personal services. He (the writer) had endeavoured to 
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advance the " Good Roads " movement, and was gratified to find 
th:Lt Colonel Crompton had personally given him credit for the little 
he had done. 

Mr. J. S. KILLICK (Assistant Engineer, The Road Board) wrote 
that it was difficult to believe that the damage done by a ton 
carried on steel tyres was not more than half as much again as that 
done by a ton carried on rubber tyres. 

The Table (p"ge 1295), showing how running costs were reduced 
by road reconstruction on one mile of road carrying 1,000 tons per 
day, appeared to be not so much R Table showing how running costs 
could be reduced as one showing that a well-surfaced road could be 
maintained at the same cost as an ordinary road surfaced with 
waterbound material, with the additional advantage that the 
running cost per mile per vehicle was less. He  had no doubt that 
the figure given as the running cost per vehicle-mile was correct, as 
it was obvious that wear and tear and fuel consumption must be 
less on the better surface in proportion to the reduction in tractive 
effort required on it. 

With regard to the cost of reconstructing a road in  double- 
coated work, he inferred that Colonel Cromptori had in his mind 
double-coated asphalt macadam, and the following remarks were 
based on this assumption. He  submitted that the initial cost was 
very much underestimated, for he found, on making inquiries, that 
the price quoted in the London district for double-coated asphalt 
macadam with twelve years' maintenance was 11s. to 12s. per super 
yard, and 9s. 6d. . to 10s. 6d. per super yard in a neighbourhood 
where good stone was available locally. This was equivalent, on 
an 18-foot road, to 26,072 and 25,380 per mile respectively, or with 
a life of twelve years, was equal to 2506 and 2440 respectively, an 
increase of 22206 and 2140 per mile per annum. 

These figures not only showed that the cost per vehicle-mile for 
road maintenance was more than on an ordinary road, but they 
would lead one to think that such a class of surfacing was 
extravagant, and not warranted by the traffic the road was called 
upon to bear. 
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Vehicle. 

c€ Per Vehicle-Mile. 
4,280 7-5d. 

1,200 12.0d. 

The foregoing figures made the following alterations necessary :- 

costs as they would be. 

Road. 
- 

Gc Per Vehicle-Mile. 
303 0.531d. 

203 2.300d. 

Mr. FRANCIS WOOD (Borough Engineer and Surveyor of Fulham) 
wrote that he was inclined to disagree with the contention as to 
the deformation of the road by a rhythmic action of the wheels. 
As it was not explained how this rhythmic action was generated, it 
must be assumed that the author had some doubt on the point 
himself. I n  the writer's opinion, the wave formation was caused 
by the bsdy or load of the vehicle falling into a depression, and the 
spring attnched to the wheel, having received a shock greater than 
the normal load, took it up, and in the reflex action a decreasing 
excess weight above the normal of the vehicle came down on the 
road structure at certain intervals depending on the spring until it 
assumed a normal position again. 

If an ordinary spring-balance were taken, and a specified weight 
was allowed to fall, say, a inch on to the scale, the register indicated 
about twice the dead weight ; if it fell f inch the register indicated 
three or four times the dead weight; consequently, if a similar 

'action were in  operation by means of a load dropping on to the 
springs attached to the vehicle, one could easily understand how the 
structure was affeoted detrimentally. If, however, it was due to 
the harmonic action of the wheel, and had no reference to the 
springing of the vehicle, then in a composition which was capable 
of being affected, one would assume that throughout the length of 
road in which that composition was laid the waves would be regular 
and apparent, but this was not the case. 

I n  the writer's district a section of road was laid a t  the 
commencement of which were two rows of sett paving laid on 
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concrete, and therefore non-compressible ; the material forming the 
section was a compressible bituminous substance. The vehicles 
which were constantly traversing the road were of a commercial 
type ; immediately beyond the sett paving a hollow began to appear, 
and after a few months a second hollow developed 4 feet away, but 
immediately following there was only a slight development, and then 
the surface remained approximately as it was originally laid. The 
first hollow became so deep that it had to be repaired. On wood 
pavement-as another example-the road (Fulham Road) was 
subjected to a continuous run of motor-omnibuses. The pavement 
where it was straight on either side of the curve was comparatively 
free from observable waves, but as it approached the curve round 
a refuge, the  waves were distinct; the first approximated to the 
beginning of the curve, the second W'XS 4 feet 3 inches away, the 
third was a similar distance, the fourth was 3 feet, and then there 
were a number which were about 1 foot 3 inches away from each 
other;  all these were on the offside of the vehicle, and none was 
distinctly observable on the near-side track. This indicated that 
the weight of the vehicle was thrown on to the offside in the 
direction of the centre of the curve, and the spring action was 
reflected on the paving. 

Similarly, on macadam roads the first hollows were 5 to 6 feet 
apart, and, as they developed, new hollows became a.pparent 
between the  first two until there was a sequence, but the hollows all 
varied in depth, the first being the deepest. Where motor-omnibuses 
had run on macadam roads, a similar action was developed, but at a 
very much quicker rate. 

In  wood paving there was a forward thrust in evidence, which 
was Seen on those pavements especially where there had been no 
adhesive substance applied between the blocks and the concrete on 
which the blocks were laid, and the original line of the blocks being 
diverted into a n  S-curve, the two apexes of the curves being in  the 
direction of the traffic, the camber of the curve being at most 
6 inches, but where there was adhesion this curvature was not so 
noticeable, and therefore indicated tha t  the push was not of very 
serious moment, and could be overcome by the use of a proper 
consistency of cohesive material. 
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In all forms of in situ pavements there were bound to be defects, 
and, in bitumjnously formed materials compressed by a roller of 
whatever characteristics, those defects would not be overcome. The 
material sholild be laid a t  a perfectly even temperature, and under 
exactly the same conditions, but each load varied in temperature in 
some degree ; the outside and more exposed material suffered from 
radiation, and the length of time before the roller was brought on 
to the material varied very considerably. The human element and 
the atmospheric elements had to be allowed for, consequently 
compression varied throughout the whole length of the road, but 
the writer had not found that any serious defects were developed by 
the method of rolling that he adopted. As far as possible, the 
material was pushed into position by the men in laying the 
composition, and compression was secured in this manner; the 
rolling was of such a character that it merely gave a surface 
compression with a weight not exceeding 120 lb. per inch of roller- 
width, followed after only one motion forward and backward by a 
weight not exceeding 240 lb. per square inch. Too much rolling, in 
the writer’s opinion, reduced the life of the composition, a voidless 
structure being undesirable in the road surface. He  relied on the 
ductility and cohesiveness of the bitumen employed in the structure 
for the prevention of the ‘‘ push-forward,” which he had indicated 
was not of a serious character, and he considered that if the 
bitumen was suitably tempered the small irregularities in the 
surface, due to unequal compression, were not increased to any 
considerable extent under hot atmospheric and traffic conditions, 
H e  did not consider that there was any push forward to the ordinary 
macadam ; that there was a curve in direction of the traffic was due 
to the manner in which the traflic came into the hollow or depression ; 
where the curve was greatest, it was there where it was most 
affected and the disintegration was severest; but he had had no 
example where macadam properly settled into position had been 
pushed forward, otherwise the general level of the road would have 
been very high in places, whereas the general level was maintained. 

He  had noticed a distinct push forward in those compositions 
where the material had lost a considerable proportion of its ductile 
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or cohesive properties, for example, where tar was used on variously 
graded aggregates, and which was softened considerably in hot 
weather, or  in bituminous compositions similarly affected by hot 
atmospheric conditions, but it was not so noticeable in the asphalt 
macadam roads where large stone was employed, nor in the 
bituminous surface miatures on a tarred concrete (old macadam) 
base, in which the bitumen had been suitably tempered. The 
writer had devised a stone drier which was working very satisfactorily 
a t  his depot, and he would be very pleased to demonstrate its 
usefulness to Colonel Crompton and others who might be interested 
in the subject. 

Colonel CROMPTON, in reply to the written Communications 
received since the Paper was read, had carefully studied Mr. 
Hooley’s views (page 1320). He hoped that nothing in the Paper 
would bear the construction put on it by Mr. Hooley that he (the 
author) animadverted in any way on the work of the existing road 
surveyors. Far from it ; no one had greater sympathy with their 
dificulties than he had. His Paper was intended for them to study 
and to take from it anything they found useful and which would 
help them with the difficult problems they had now to encounter. 
H e  was glad to find that Mr. Hooley’s six causes for wave-formation 
really coincided with his own, the only difference being that Mr. 
Hooley laid great stress on causes 1 to 4, whereas he, the author, 
had laid greater stress on 5 and 6. He  wished to avoid the 
indiscriminate mixture of gauges by using the two-coat arrangement, 
in which the fine material was all close to the surface. Although 
Mr. Hooley put No. 6-steam-rolling longitudinally-as the last, 
he thought that  if Mr. Hooley had had similar experience to his 
own in the roads near and about London, he would have come t o  
the same conclusion as himself as to the preponderating importance 
of this last cause of wave-formation. 

To Mr. Hooley must be given the credit of having introduced 
the use of tar-slag macadam, a material which, in the author’s 
opinion, was tho easiest of all the modern waterproof materials to 
roll in its cold state to a very satisfactory surface, and it suft’ered 
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surprisingly little from the deformation of heavy traffic. Having 
so great experience in the use of this class of material, and not 
having had any considerable harmonic traffic over these roads, 
Mr. Hooley naturally did not attach such importance to the 
wave question as he did, but he felt that Mr. Hooley was likely to 
have eventually the same opinions that he himself held. In his 
spoken reply to others he had mentioned how very perfectly tar- 
slag macadam had its voids filled on account of its somewhat plastic 
nature under the roller. 

To one remark of Mr. Hooley’s and to Mr. Killick (page 1322) 
he must demur, and that is, that it was necessary to spend such large 
sums, such as from 1 Is. to 15s. a superficial yard, to obtainthe asphaltic 
surfaces from which he, the author, believed such great economies 
would accrue to the owners of the roads. To both these gentlemen he 
would point out that, as. Mr. Dryland had shown, a great mileage of 
the roads of the kingdom was already in such good condition that 
the existing macadam surface could be utilized as a supporting 
crust, and that all that was necessary was to add a well-made 
wearing crust of the nature advocated by him, by Mr. Marriott and 
others, which was, one composed of fine material cemented and held 
together by bitumen. If the cost of doing this work were 
substituted for the cost of the double-coat work he had given in 
the Table (page 1295), it would be found that all the savings that 
he suggested as likely to accrue to the owners of vehicles were 
obtainable, and that the maintenance cost he had laid down would 
be obtained without difficulty. 

He had read with much interest Mr. Francis Wood’s views as 
to the cause of deformation of road surfaces (page 1323). His 
answer to Mr. Wood was thai, this wave-deformation had to be 
accounted for. Mr. Wood had experienced it himself on the 
experimental lengths he had laid down in Fulham, and had 
particularly noticed wave-formation at points originated by the 
two rows of setts he had introduced to separate each experimental 
section from the adjoining section. Mr. Wood practically 
carroborated all that he (the author) had stated as t o  the waves being 
originated by any projection such as these dividing setts. Mr. Wood, 
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in common with Mr. Robinson and others, had noticed that wave- 
formation was not confined either to macadam or to asphaltic 
surfaces, but occurred to a limited extent with wood pavement, and 
he also had made valuable detailed observations as to the shape and 
direction taken by the waves formed. Mr. Wood and Mr. Marriott 
were both of opinion that a voidless supporting crust was undesirable. 
I n  this they were at variance with the author and with many of 
the speakers who believed that the best method to resist wave- 
deformation was by making the supporting crust as immovable as 

possible by making it voidless. Mr. Hooley in particular, whose 
system had most successfully resisted waves, was very strong on this 
point. Mr. Wood and Mr. Marriott 
seemed t o  think that if a certain proportion of voids were left in 
the supporting crust when it was first made, that the traffic would 
of itself reduce any original waves left by the rolling by the 
automatic elastic action of the voids in the subcrust. Time would 
show which of the two schools of thought was right in this 
important question. A set of experiments was about to be carried 
out with the road machine at the National Physioal Laboratory 
which would go far to settle the question. Although he differed 
from Mr. Wood on this one point, he was in agreement with him 
on many other of his observations which threw further light on 
this important question. 

The question was still open. 

Mr. F. E. POWELL, of Auekland, N.Z., wrote * that motor traffic 
in  New Zealand was not yet of sufficient volume to affect their 
road surfaces in the manner pointed out by the author, but he 
thought that climatic conditions on the whole were the most 
destructive agents to roads which had been constructed on faulty 
principles. The indiscriminate and improper use of boulders as a 
foundation for new road construction in a heavy-clay country 
should be deprecated. 

* Received on going to press. [SECRETARY, I.MEcH.E.] 
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